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(54) HOUSEHOLD APPLIANCE CONTROL NET>NORK SYSTEM 



(57) Inaoontrolnatiivorlcsyatamorhousaholdafao- 
trie appHanoas, particulariy; an aach (ninoducOon of a 
housahold alaclilc appManoa thaiato doaa not causa a 
changa In tha maona of ocq ul rin B up a rat lon data by a 
cof!treltar,andtbaaiaclitep<naai cunMiwpfluiiof ooon* 
riamMlalaaa. 

A hoina natatorfc syatam ia abnpMad and mada af* 



Fig. 4 



Aa a meana Ibr tha abova. an aoosaaibia davioa In 
a common mannar to housahold alatUlb app Uanc a a la 
Inoorpo rata dlntDacontralafbyotjactpioca a aingusfcig 
communications middla«Mras. and a dsMca for IMiad 
oper at ion s iaincoiporBtad into housatwid a t a ctic appi- 
anoaa. Than, • ia nolad Itiat aadi housahold otoctric ap- 
pttanca naads a spacffic Mnd of anolhar appianoa and 
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^••eription thatnotnwralytteswflldilnoorappflBnomisoQnt^ 

tn a oconl af i c ew»h8>aaon«andth>ttn w ofd«ybutBl»o 

TECHNICAL FIELD agadpaopto and bifMimcarHlfv Mid watched ovar 

parttaJarty In h ou a ea a>hew only aged peopia By or 

(0001) The piBsant invention relalea to Gontrai net- 9 their paxanti are ftequanOy abaeni by daleedng tfia op- 

worlc systents at househoW aleGlrtc appliances^ More 

particulBrty. the Invention rotates to exchanges of oper- 

atlon data betiiveen househcM electric apptianoes pro- 
vided In home networlo and the most apprq^Meoper- 1) Oomestk: he^en are mformed of disorders 

atlons in accordance wfth the date. fO through telephone Ones when the folowtng disor- 

ders are datsded; a door of toflots is not opened 

BACKGROUND OF THE MVENTION and shut for more than a certain time, tt volume of 

televisors is too Mgh, the operadorw of various a|>> 

(General background arts or the present mvenflon) pilences are unnatural such Owt air oondmonera 



warm wit firrul a t pra are stmuftanaously In o|k 



lOOMg In recant yearn various appilaneae have been 

u8edlnhouBee.liuldlngs.andfloorBand8ecdonslher». 2) Parents are warned by the eoraen and voice of 

of. A cc or dlny ly . attempts tp acqubo more ui ii i tart aU a talevlsara when e portM tslephone of theb* chS- 

life. improve operating ojiidltiu nB i save more energy dran go out of an area aupervlaad by a atetton fti 

and make operations more effldanlhava been made by » charge of the nel^tohaod of thebhouaa. 
inta^etedhf oontroOng the applanoes under home ne^ 

wortcs (or home netenork syslBms)u fOOOT] CormecUona between varloua appllaneaB Ibr 

(0003] Specmcaih^ far example, ab con dt ttonere. re- the above-mentioned purpoaes are ooncepttaneOy 

ft i v era ior s .ftans, so lar h ea ters far bathwatsr.mkaowave shown In FIgive 1. 

ovens. hot^water8uppaes.elecbk:kotat8U.wann air dr^ 29 kqooC] fa FIgme 1, a ie ftl y ei atu i 1. an alrcondMoner 
ciiators, elecbtc docks, tatevtaoia, Kumlnalore or the 2. an elecbte kotetsu 3. s Ouoresosnt OgM 4, e micro- 
like are used In houses. Since time and parted w^ien wave oven 5 and a wesMng machine 6 are corwiected 
these appliances are used lelBtB greatly t here b e tw e en . toaoonboler(oraCPU)10byanelectrtewlre ll.and 
operationandstandty thereof areprapertyconbolledln thusa(sub)networkisconflgurad. AteievlsorTandan 
c o nsl der al ionqfoDndMoneauchestheamsandthepe- » elacMcdockSereaMineotodlotheoontroler lObyan 
rkidao that mora oomfartatla Ufa. a saving of mors en- infrared ray 12. and thus a (aid)) nelwortc is oonllgured. 
ergyandthaHhaareinlandod. A telephone Sis oonneclad to Oiaoonboler 10 bye wbw- 
(POeq More specMeaBjft the attempts are aafalowa: lets 13^ end thua a (aub) networit la oonflgurad. 

piOOtl faaddUontotfiaBbiNa,alharmaanasuGhas 

1) Solarheaterscanbaftaquant|yu8edfarbalhMa- 3S supersonic wavaa or pfaralmeansara used for oonnact- 
tar fn the aummer season. Thermostat of hot-watai ing the appiwioee. 

supplies, therefara. does not have to be set to so CWOl AlsoragardfeigttienettKincaaahownbiFlguro 

high temperature fa a tbna atot far balMng so that 1 . many «p p ff itT »t and (aub) natworica aia oonnactad 

the bathwater should be set to lower tamperatora redMy bom tfia only oonboOar 10. and addKtanany aa 

than the wkitarseeson. 4o shown fa Figure 2 (a), fa ofdartodecrsase the maximum 

2) Power level of air condfaoners is reduced even elecMc power oonaumption fa fadortes end buUcflngs. 
In the summer season far an exbemely short tfme several (sub) networks having a router (whfah Is poal- 
far usfag iiiiuow a ve ovens. Consequently electrte tioned between plural (sub) nehwyks to i mMiu mutuel 
powar simultaneously oonsumed In ttie wtioto oommunlcattontheratwtween. fa Figure 1* the controller 
house cen be d eweee ed. 49 10 serves tar the router. A oommunfaatlon processing 

3) Pow er l evel and ewBctdng of ab oondMonere fa fanctfon attached to an appOanoe serves far ttie router 

^ presence of dependfagonaaystamandtheappliancejareconnecl- 

persons therafa wflh lensorv. ed by the loutsr or an appOance eervfag Iter tlie routsr 

4) Power favel of aboandHtoners fa offtees Is oon- as a termfaal of com p oner ifa ttwreof. Furthermorv. as 
troOsd by sensing the operatfagoon dl tton s of appli> so ahown fa Figura 2 (b). eppOanoas and (sub) netwoilca 
anoesssheeAng sources fa operattonttwrefa. are hfanvohtoally oonnectad as baaa. 

5) Unnecessary IhjminatorB fa rooms sie switched 10011] fa Figures 2 (e) and (b). 20 fadfcatae a (sub) 
offfaaooontanoewKhthettmeofdeyandtheposi- network or an appUanoeaa a substvitf^ (aub) network 
tfansofappUanoesfaoperatfanttwefa. andaoindteatosarautaroraniVipilanoaservfagferthe 

6) llunilnatoraandaboondltlonemfaemptyclasa- « routar. 

rooms are awltchad og at uiiive nim sa. [OOIQ FuB-time custodians as wel ae fafbrmatfan 

desks and doorbeisars occasfanaOy faoorpor a tad Into 

[00091 In addlitan.lt has been Studied and attempted a sysiembiAKlaftei.afflcabuldln9iindhoqill«a. 
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[0013] Another exampto is not go complicated IxM a 
simple oonatmitlon: In the case of connecting a talevfsor 
and a video tape feoorder, the video tape recorder pe- 
rkxflcaOyraadsautatlnne sional tn airwaves, whtah the 
teievlsorreoeived. Id ad)ustltstwit^ clock thereby fiv 9 
the purpose or dlspCaylno an exact time. 
10014] M oi eaver , varioua Wnds at standarda and 
pianatherafor (such as ET-2101 and JEM - 1439)have 
been deddad and propoaed in the Etodronte Muatries 
Asaodation of Japm. the Japan BectrfcalMBmifectur- io 
erar Asaodattan and the Oka bi order Id effectively pai^ 
tonn the ftjfwttons of die networtui. 
(OOiq Also. communieBltana ^ukjudm and the Ilka 



[OOiq For that punnsa, oqidpments and ftrndtons » 
suchaa c onwa in l cu d u npioca ialng lbncttonanaeaaaafy 
tor peiforming the appropriate Arndtona of tfia home 
nahMvka have bmn attached to appllanoaa (Indudkio 
sensors) fei the stage or mamifecfeurtng or ahJdiad for al- 
taching. n 

(Background arts In view of the profalema to tie advod 
tiy the present kiventtan) 

(0017] In tie ahovB m en t tonod oonfigurBttan of cofw 28 
trd neMworlc systems of appianaee. partlculariy house- 
hold etoctik. app lia n ces , honvever. II diouM be leeoo- 
nizBd befcrahend m the ataga of deaconing the syslanw 
that wMch of ttw felcMiIng mettwda tfw oonMar em- 
pioya for eoqUMngopeffaOon dale tor oontroBng the ap- « 
pOancee; a meOwd of receiving the operation datofrana- 
mitted from eechof tfwe p p lla noea ki changkig the op- 
erattan data audi as swItEhtog. a method of raoeMng 
Ihe operation data by a quevy from the oontreler to the 
appianoes,amBthodoffeoeMng O wopef a ttoiid«tape- m 
riodkaOy transmitted from the eppllanoee to tM oonfrol- 
ler. a mettiod of reoeMng the operatkMi data bcoedcast- 
ed from each of the applanoea fn changing the opera- 
tton data, and the like. In temts of the conditions of the 
household etediicappllancea. the need to change how 40 
theconfroileracqukeatheoperatfcmdata boccastonaly 
cauaad on each bitreductton of other household etodric 



cordance with the received operation data, and thereaf- 
ter the contrdler transmits the command to other houae- 
hold electrfc a|>pUancee to control QnkadlyL That is. the 
dedrto power oonsumpden of the household etectrto 
applianoes is eppnsdmatdy 0^ on standby, wftie the 
electrto pow e r oonsumpOon of e personal comp u tor as 
the confroOer Is several tans to 10GW. Fufthsnnara. in 
confroBsr Is oonstantly operated b^ 
of watching dato to a nelworli. leaiflng to mora 
eledric poMasr ooraumpflon thereof. 
(p02iq AMaHabtonetwortiwk«8,meana and costs are 
Ifcnitad to control netawr fcs yat a ma of household d ec frto 
appliancea. 

[9021] Acoonftigly;ithBabeandaakibtotMatooh- 
noloQy without the naod to duuigaliowa oonlrelar oc^ 
qukea operation data on eadi bifrodudtan of ottwr 
tow« boldaia cbte appBan oeatod a vetopadaub<^ 
many liidlalluna to oontrel iwiaiwfc syataiiia of houaih 
hold eledrto applarKsea. 
[0022] Regardkig Ikiked ^ 



techrMJtogy of fadllattog the selling of i 
offering lees Ttt^Tirfr pnnror frmsisnpHon Is < 
[0023] Also. R haa been desirable that a technology 
of Unkedhf conboillng household elecMo appUanoea 
without a oonfroier with e oon sM sr ab to de ctric power 
c on s um ption is developed. 

DISCLOSURE OF THE MVEimON 



The preeeni Invenflon Is kitonded tor solvInQ 
the nbmm manttoned problema. 
(P02q The Mawtogaro noted: 



Communtealton daflmtton ob|edi aro deddad to 
oommunicattona m iddlewaiaa far oonne dto g appO- 
cattona aoftwar es and sub oommuntoaltona soft- 
wares, and thua applianoee can be Onkedly operm- 
ed and oontroOedt 

Applanoaa need speolfc Mntfs of other appBanoao 



(DOiq For the purpoae of Ibiked op ew tton a only by 
household d e rt il c ap p nant aa. addreaaee of househdd 49 
elacbic applianoea tor receiving operattan date ahouW 
be set at hous ehold etodite ap p liB nces tor tian si i ri l Mi ig 
toe oper ati on date, and addlBorteWy addTaaaoa of lha 
househdd eeedite appHanoee far tr ans ji ri t Ung the oper- 
atton date shoukf be set at the househoU eledrto appH- 30 
ancea tar reoeMng the uperatkwi data. The settkig. 
therefore. shouM be perfermed to each of control net- 
wok systems of household eledric appliancea. 
(0019] On the other hand, the problem ieoocastonally 
the electrto pcworcsonsumplion of ecooboUer In a eye- ss 
tarn auch that the controller racelvea oper a t i on date of 
houaehoM dectrte eppOancee to ganerato a commmd 
of operating othor household etoctoc ipplances to ao> 



Many appianoes draady have a tondton of output* 
ting operattog oorHMons tfwraof to unite at present; 
AppUanoea need idnds and the oontente of opera- 
tton date of other appllancaa tor effedlve opersltona 



Spedfto amounte and ktoda of household etedrto 



ttonaSy the oontante of eflMte operattan and oon- 
iTOi Diereor aro simpte; 

Operators use romote comroOefa of houaehold 
dectrto appliancea. wtifle Ihe remote confrdlere op- 
erate specfflc Unds of the houeehoM eledrto appO- 
•neee and remote contioilan haw Iseen c on miu ii 
to household electrte appliances^ and 
TheoontanteofoperattonaofhousehoWdedrtoep- 
pHanoes rdated won eadi oOior aro steiplo and not 
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[0026] Thapresenlaapact of ttwInvanlloniB emboli 

[OQZn An aspact of tho invwitlon Is chcmctertzBd hi 
matan ii t W) i fc iipfqvWedwttha Lu ii tiu iw . th« o o n tno l <r 
aoqidrn opMtlon data (Including ■ measuremenl by a 
sennr such aa an atodife ounant and a result d 
praoassbig tha maasuremant) of an appllanoa (indud- 
Ing lha sanaor and an intograMypa appUanoa of a tal^ 
vtoor and a vMao tapa reoorder) to ba llnkadly eparatod 
and oonboOad thaiaby; and tha oonboflaf banamHa ttia 
oparatian dati to anottiar appllanoa: ttMiafem the ap- 
plianoa maintalna In advanoa Informallon. oommunlca- 
tlona pratooola* data or equipmanis of mnamMino con- 
ditions such that whan and where data mioh aa swflctw 
Ing. a change In opai atkx t mode and an introduction 
meraoftottM netvMsrti are trenstnttad or not. and tha 
appliance kansmKs necessary operation data to the 
controUsr in accordance wfth tha InftxTnation, oonvnunl- 
cations pfotooola* data or oqulpmanti after ?**|iffy**o 
with the controAor*, itie oontroSer, meanwhfle. ouiitruls 
the t nto iii iaik )ii of transmitUng conditions d the appA- 
anoe. and addMonaily ttw controller receives necassaiy 
operation data after addling wtth the appliance to 
tranamltlhaop e i a tlun data or a d toac t l o n to another ap* 
piianea, and lUrthennora, depending on the situation, 
the oontnler pravMaa ttw flppUanoa wOh a Raw aatting 
such that wMch operallon data should be banamMsd at 
what thna and a aetU ii y auch that unr 
data should not be b anam itted S and tha 



[002S] The ^Qwa-menttoned 
that the appttancee are Untodly operated and ttie whda 
networtc system le eOectlve l y operated. 
(Q02^ Another aspect of the ktventfon Is chMdsr^ 
ized in that a network is not provided wMh e contreOar 
an appliance utWzIng operation date of another appO- 
ance related ther e with haa a means of HnkedlyoonW. 
ling ftor operating In acconlance wWi kinds of the rsleted 
appHanoe afllar acquiring the operation data thereof, the 
applianoe exchangee neceesaiy infomiallon of bana- 
mitUng oondWons before transmming and receiving the 
oparatton data of the relatBd applianoe for the purpoaa 
of as approprfata oparatfona: and oonsequanfy the ap- 
pliance aoqulrea the neoeaaary operation dete of the re- 
lated appliance depending on the situation, leading to 
linked control and operation. 

{0030] A further aspect of ttie invention Is chaFOcter- 
izad by comprising a device for setting linked operattons 
in Installing an appliance control networtc system and In- 
troducing another appHanoa thereto: and in that the de- 
vtoe sets the function of ttnkedly upeia dn u at an appl- 



sons by voice, motion. Inftared ray and the lika: and an 
appliance utHUng the data la an ah* oond l tloner. Need- 
less to say. the applianoa may be an Olumlrator. a ven- 
tilation fan or the tBce. 
9 [0032] Tlvea other aspects of the kiventton are char- 
actertzBd In that an a pp l iance for outputtlng deta ia an 
elecbic powe r sensor such as an alectrtccunera m o tor . 
and an appdanoa utiiztog the date la an air condltksnar 



fo I0039I AsflOfartharaapaGtaflhebivantlonlscharao- 
teriad hi thai a oonboOer watchaa aleobto power oon> 
sumption and elecMe currant oonaumpltan of an appi- 
ance connected to an appOanoa oanbol network ayatam: 
and ttM oonMer oonboto tw elecbte power oonaump- 
r5 Hon and the electrfc ounent consumption leea ttian a 
predetenninad valua. SpeoMcaBy, before the atacMe 
power consumption and the electric* current oonsump* 
tton surpaaa tha predatann ln ed vaUia. a toad of an ap- 
piianoe with lose necessity should be reduced and an 
» applianoe should be awltehed off and aiao a userahouM 
tie Intarmed of a pradatai mined warning. 

A sta Anther aspect of the inventkviMtar to 
an eighth aspect of the Inventkan is chsractarlzed ki that 
a devloe for setting linked operational not a o o n tr o d ei. 
M controls total slectrtc power consumption of a ppOa ncaa 
andudbig NFB snd a safety devioa aarvbig tharaltor) 
ieee than a predet e rmi n ed vahia. 
(DOaq Three other aapecto of the Invention ere cfiar^ 
acteriaad in Itial an applianoe end a oontrollsr common 
M to appOancae are prawlded wMi a wiibuBei or a maana 
of Inkadly uunbufflng to an appllanoa oontral natwoftc 

toop- 



pownr coMumption of appfr 



[0031] Three other aspects of the ktventkm are char- 
acterlzed m that an appliance Ibr outputttog date accord- 
ing to any one of a second and a third aipecto of the 
Inventton Is a sensor far detect in g the p re sen ce of pep> 



byai 

ing 
IS mnc 

tloner end e worm eb" droulator are sbnultaneous^ to 
operation, or tha lice. In tha caae of e con boaer oorwi ajn 
to appilancee, several meesures for the d toord e ra oan 
be dtoplayed onedtoptey unit thereof, end t h eraalt a r die 



Bma^ DE8CIUFT10N OF THE DfUWINOS 

C0038] Rg. 1 to a view showing a oonfiguratton of a 
«s heme network qrstam of conventional houaaholdetoo- 
tateappHanoae. 

PMST] Rg.2laavtow8howtoganalharaonflgurBtfon 

of a home nabwortc ayatam of conve n tio nal household 

electric appliances. 
90 (00381 Fig.31aaflowchartshowlngbasicpraoadurBi 

for linked oper a tto na b e t we en appOancea In efflbodl- 

m ento oftha present Inventi on . 

19039] Rg. 4 is a view showing a oonstitutton of Em- 

bodbnent 1 of the present inventioa 
59 pHMtq Hg. 5 (s o vtow showtog a configuration of a 

corMler In Embodim ent 1 of tiw preeert Inventioru 

E0O41] Fig. 6 ia a view sfiowlnganotttor configuration 

of a oonbDOarto Embodbnant 1 of ttw praaont tnvenfion. 
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[0042] Rg.7laavfsMrshaMilno*ftAth«roaffiflQuratlon 
of a oontrodv in EmbodinMnt 1 of tho piVMsit in volition. 
[0O43] Rg^BlaavlewihowrfngMionTiationtobotan*- 
miftBd from housahold olecdio appfianooa stored In 
ROM ofthaatioyo nwntkmadcontioBaf anddalaolotti- 
er hoischpid etaclric appllanoaa sarvlng tor appraiMlalB 



(004q f=lg. 9 ia a vtow showing data of household 
eiectrtc appuanoea nacassary Dor othar houaahoM alao> 
bic appfianoes stored In RAM of ttw abovo-mantkmod 
c^w^li^i' and a fl o w y chart wt uM ^ l y preQi a in pn niodurea 
for parforming ftmcflona in acoofdanoa virflh Iha data. 
(004S] Rg.lO(aavlear8howlngaoansllu1ionorEm- 
bodlmanl 2 10 tha prasant Invantlon* 
PNM8] Fig. 111a a flowr chart ahowing procaduraa fior 
setting and oonfeuHbig iMoad opafatfona of an aahauat 
fen to a cooking atowa and an afreondMonar in Embod- 
iment 2 of lha praaant inwandon. 
[0047] Fig. 12 Is a view showing a principal oonstSu- 
tion of Embodiment 3 of tha present Invantton. 
[9048] Rg. 13 ia a view showkig a principal oonstikt> 
tkm of Embodbnent 4 of the praaant Inventfon. 
[0049] Fig. 14 Is a vim showkig a principal eonslKu- 
tion of Enibodlmant 4 of tha present Invention (hi 
case of comprising a devloa for setting lintaad open*- 
tlona). 

[00801] Fig. 15 ia a view ahowing a principal oonadlu- 
tion of EmkMxflniant 5 of thai 



114 aRAM 

300 a household electric appUanoe 

301 a meana of oo ntmti iiig communications 

; 302 a means of maintaining I n for mat ion ctt Inmsmil- 
^ ting oonditian 

303 a meana of oonMing transmiBaton of oper ati on 
date 

304 a meana of oontroflfcig fc i fw rnaO un of tr ansm itting 
oondUon 

305 a means of oontrdUng operation data 

310 a sensor far ttis presenoe of pareona 

311 a meana of setting information of transmitting 



321 a meana of tranamttling demand data flof aetUng 
informadon of iransmUng condition 

322 a meana of eatting reception of oparatan 

323 amaanaofconMBngtlnloadoperatlQna 
330 

401 ai 

» 402 amaanacf iranamMflngdamanddalBfori 
NM«M«iwiiu>t or vanammng mnoam 
403 a meana ol tranamttdng demand data fbf aalling 



(Refaranoa charadeia) 
[90S1] 



» DCPULB) Dc a c wy rio H of the 



[OOSq Tha prasatrt invention la 
bnied on preferred ambodbnanta. 



1 


a refrigeratof 




2 






3 






4 


a fluoraaoant il^it 




5 


a microwave oven 




6 


a washing macftlna 




7 


a talavlaor and a vfdao tspe 


recorder 


8 






9 


atelaphorte 




10 


aconlroler 




11 


an electric wira 




12 


an inftwad ray 




13 






20 


a sub network 




30 


aroutar 




40 


a device Ibf setting itnloBd o| 




100 


a oontroOar 




101 


a meana of oontradlng oonvi 




102 


a means of oontrodhig inforn 
oondltton 


lation of banamlltlng 


103 


a means of aoqulrfng oparBl 


ion data 


110 


a networtc line 




111 


aCPU 




112 


aUI 




113 


aROM 





(Embnflmantl) 

[P0S3] EmbodbnantlampioyaacanMartarMadhf 



[OOS^ Aoonflguratlonof han^Mi aaandaolhwaraaln 

1 1. ia daicrfbad omkad opanOona 
in a home netwoilc in other Embodlmanla are basicdily 
tha aama as EmtKxUment 1.). 
40 [OOSS] FIretR Is described by an exttnpla whether ta 
execute imcad oparalona In a tioma nelwartt of liouaa- 
hold electrte appOanoaa. 

[OOSq b) order to print with a spedel font tiy a printer 
connected to a computer, the printer deddee whether a 
49 oommend of printing with a special font Is input bom a 
user in advance erf printing. If ttie command la biput, the 
printer deddee wheltier neoeaaary data for printing with 
a special font are stored in a predetermined memoryi If 
the date ere stored, the prftntbig la enouted by raadteg 
9 in tha dala. If tha date are net stored, then a wamfcig la 
diapiayBd on a display unit to halt Ote printing. AHama- 
tivel)^ If tlia command to not bipul^ necaaaaty date for 
p rin t ing w W i an ofdfoaiylbntai a re a doutfrom a memory 
to execute the pi Intlng. 
55 [00S7] The eaceoutian of linked oper a tto na In a home 
nmworkof houaehoid elecbic appBances to basicaiiy the 
same aa tha abova. That ia. whan a houaehold etoctric 
I to providad tor a homa and atartad, a preda- 
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temilned access to other housahold electric appliances 
is executed tfirougfi an e lectri c wire In accordance with 
a usei^ direction for finked o p ei aUu n s and an tntemal 
program, and thereaAer the household electric appO- 
anoe daddes t>y s response thereto whether other 
household electric a p p li ances are UnlcBdIy operated, re- 
siitlng in individual operaSiona or Onlced op er et i ons . 
[0058] NBXt the contents of a demand for setting fev 
rbrmstion of transmitting nondWone, a setting of rseep- 
tlon and tninsmissian of operation data and rsoaptkNi of 
txith are desotbed aa a part or Itakad operations by an 
example. 

[0099) Nowadays, many ap pHanca s have a ftinctton 
of informbig or enabling to inform or direct a user of op- 
erating oondMons Itiereor far Itie purpoea of usei% con- 
venlsnae of oonbDilng. TiM axvnplaa are as faOowe; a 
periodfoal printout of trenamU'reoelvB reusds In a fe^ 
Simla, a dtaplay of temperature to be eel in an air ooo- 
dftloner. and besldea household electrie a ppHan cea a 
display of ml aag a , foal and lufarlcating oi In a ear. 

[0060) Moreower.appaanoesdteptaytoauseroperat- 
ing oondMons or Ibncttons to be peittacmed so that the 
user chooses «i«Uch lUncdon la peribmied . For example, 
many video tape re o orde ra Dght a raooidlng lamp end 
display on a display screen of a televisor a standard- 
speed f eoM dl ng. a 3-epeed recording or a oommercM- 
skip rsoordtng to be ch o s en by the user with a remoto 
conboter. AiroondKkmare disptoy on e ramoto oontroler 
a choice b e twe en oooUng and heating, a setting of tenv 
peralure, operatkig time and the ii(e, leeiing to ttw par- 
formanoe of useils desirable fonctton. 

[0061) InEmbedimentl.houeeholdetoeMeappHano- 
es baslcaly utitae the lUnottora so Ihoi ■ awtdilng and 
a choioa of oparatfng mode are eMeoutod by a user, bi 
the caae of linked operaMo na , howMr. the swMohlno 
and the choice of openling mode are eaBeoutad by m 
conboOer. not Ow user. Needtess to aay, the oonlwito of 
date snd the frequency of exchangee theroof vary with 
the situation. 

[0062) Next tansmlsalonandrecepttonof neo essa iy 
date tar linked oparaltons are described by an axvnple. 

[0063) An applfanoe periodkaly storse e predeter- 
mined ope ra tton date or update ttte date on every 
change In operatfeig oonditlona. and addBtonaOy ttie da- 
te can be output by a user. This Is such that the oondf- 
ttons of unks are dbplayed in a oenbral conbol room, a 
drivers seat and the like In plante tar veaeete and abw 
crafts: and flight oondHlona are conatanOy reooftfad at a 
fliglit r o oonl o r In airorafta. 

C0064) TheexamptaBareeafoOowaiadtaptoyof the 
number of timee doeumente are oone rt ad In uaing a 
woid processor; a dhplay of the number of copytog pa- 
pers in a copying machine; a smaO display of switch-on 
in a totevisar a display of a channel on wtiich enottwr 
program ttian a currenlfy watdMd program te on reooffd 
in a video tape raoorder. a dieplay of current conditions 
in an elecMc rioe cooker, and the fika. 
IPOOq F u rthermoro, a housahcM etodric a pp Can oo 



mutuaSy acQuste the performance of ite function ki con- 
formity with communications piotoools. Spedncally* 
simfles mukially contact on color printing, pflper stsa 
and a transmission to a dotal mode to cm ftMn ify with 

9 thePretDOolCCnT-T30byComltooansunatlfbitema- 
tionsl telegraphk^ie et tBlehonl(|ue, and after a banamlh 
tfngtacslmiegeneraOy processes knags data for adjust 
Ing to tM3th of the transmitting and raceivlny fecstoiBes. 
trensmleslon end race p don era e x ecuted tMtween the 

10 focsimieaL Vkleo tape r acoidet s reed out a tkne signal 
in akwaves rooelved tiy a televisor connected thereto to 
display an exact time to a user and utttze for rasefved 
recording. 

(OOOq AnappflanoespecMesktodsandtha c o n tante 
f 8 of date of ottter appOanoea whoee date are naoeasaiy 
ttwratar. For eaample^ operating ooncflBonaof air flnndl~ 
ttonere and rsOlgaratare are geneiaBy unnaoesaary for 
video tape rsoontare^ particitfariy* reaanMd reoontln^ 

M mands operating oo n dMona frtan otiwr housettokf ala^ 
trie appiianoae or sat Infonnallon of baiMii^ilthiy cond^ 
tlona. a program such that the appOanoa de man ds nao- 
eeaary date from only other nece ssa ry a ppll an cea and 
only the date are transmitted and received Is Instated 

2S in advance or cen be extamaly set (the program to tecti- 
notoglcaly Instaled to appflcaitona so ft wares and oom- 
municattona mtodtawarea. Protocols and programa, 
therefore, have been siandardteed.). 
IP067] Coneequentty, ttw abO¥e-menltoned foncttone 

to of household etocbteappBances are utilzed for a home 
networtt systsm of ttte present fc i vetilton. In utf te> am de, 
houssliald eleebic applianoee can be tooorp o r a ted into 
a tiome neteofc system by applytog the foncttone. 
P06q Baaed on the abova, although tftesbo v a^ na n- 

ai tloned daacri^itton to parti aiy rspealad, Ow eacecu t ton of 
Ibiked operaOona of housahoW etocbte apfMteioM to a 
home natworfcq^stam of Embodknentl andabaste de- 
cision on the processing of bansmMtog and reoeMria 
neosssary date tar the eaecuOon ara deacribed to ao- 

to ocfdancewittienunderatandabtoexampterBtantogto 
a IkMV chart shown to Figura 3. 
{0080) Reganling the executtan of linked operations. 
If nousehoM stoobte appOanoes are not connected to e 
home networi( or do not have ottier housahoto elecbto 

45 appliances to be Ikiked thereto even to con n e cti on with 
a home networic. itoked op eratton a ara not set and 
housahoto electoc appBanoes ere kKfivMuaOy operated. 
Ibkbig Bk oondKlonere tar exampte. If an ab oondtooner 
is not Qonnacted to a home networic or even ki oonneo- 

so flcniMto a home netenrtc ttte oOtor househoW elecbto 
appOanoea ara applanoae euch aa a tacsbnOe and a vid- 
eo tape reoordar wNch are not rotated wtti the opam> 
ttone thereof, the air oondiM ei tertotodMdUaPy operated 
rsgsrdlsss of Ow home networtL Thea e ueer or the ab* 

to condittoneroonbotoswBchmg and power tawel thereof, 
or ttM ab condtttansr is controSed under e program eel 
by toe user to as fauftto tbner. 
POTOI TTiall8»thestep6ora1anda2taFlguro3(2) 
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[0071] On the other hand, the steps of b1.b2 and b3 
in Figum 3 (1) are executed In the presence ol hoiis*» 
hold electrle appHanoea Id be finked in a home networfc. 
nrst, e household electric appilanoe trsnsmita a 
mand for queiying to other household e<ectrtc appliano- 
es in a home networit whettwr to be Inked theieta On 
a response from any household eiectifc appiancea to 
be linked, the household electric applianoe decfdea lhas 
the household electrtc appSanoes should be Onked and 
executes the step of b1. That la, the household electric 
appliance transmits a demand ksr querying i n tbir na ihin 
of transmitting Gondittons of operation data of the tvxjse- 
hoW aleclrtc appianoea to be Ikikad. and ifw household 
electoc applia nce ati uhea the Inionnatlon of transmit* 
ng oo n d W ona In ivsponae tharaftoi TUdng tfw abow^ 
mentioned at mn n rtM on ais faf eaampia,iahcn an flkan^ 
natarls a household elecMB applanoe to be linked bi a 
home netiMQik, an air oondWoner i 
Ikom the llumlnator and aoqukea tts 1 
atlng oon d lttons (fighting o on d l tto n a and Uumfnanoe) 
and transmitting condittons (pertod)ca0y or on every 
change In operadng oondMone; broadcasting, ttanamtt- 
ting to a spedllc address or tmnamMng in feaponae to 
a query). 

[0072] Next, when the tnfermatlon of transmitting con- 
ditkms acquired flrom the household electric appnancea 
to be nnked doea not Mude the transmlsalon or neoee- 
sanf opera tto n data for Bnked operattona to the house 
how electric appBanoe. or wtwn the transmlsston of nee- 
esaanr operattan data tor Rnkad operatlone la not set 
the household e lucbfc appliance deckiea that the tnfar» 
maltan of tranamningoondttiona or ttie household eleo- 
trie appHanoea to be llnkad ahoiid be aet and exaoutoe 
the stap or b2. Thai is. the household etocMc applianoe 
tranamlto a demand for aatting the inlofinfltton or trana- 
mitlhig oondMona to the houaahoM eledrtc appfianoea 
to be Onkad. and oonaoquently the Monnalton or »ana> 
mitttog co n dW o n a la ael so that o p ef a den dato oT the 
household slecMc appOancea to be linked ara bansmit- 
tad to the household electric appBanoe. gubeequantly. 
the step of b3 is executed to oompleto an initiaazation 
or linked operations. That is. the household electric ap- 
pliance receives operatton data tran snU tted ftom the 
household etoctric appliances to be linked or reoelvas 
the operation data by a query, and thefaafter the houee- 
hold a leclri c appliance seta e storage of the operatkw 
deta in e memory Iherator. resulting In a oo mp let fc m of 
en IniliellCBtlon of Hnloed oper a tta na . TaWng aumlnatare 
far an aaampta of household e l e rtfct appHanoea to be 
imkadtotheabowe-mentionedab'oondWonera.wlianan 
nkimbiator tranamfia ligMing oomfiliona aa operation da- 
ta not on every change. In operating oondlttona but to 
response to a query, the household ele cWc appOanca 
tranamlte to the ikiminator a demand for setting intor> 
matlon of transmttttng oondttlona such that the numina- 
torbroedcaato or trensmlta thereto Hgtdtogoondttone on 
every change to operattig condlfona. ttiaraby toading 



to a sailing or iidbiiiiatton or toanamltling oonditlonab 



IS 



calves Hghttog oondHlona IranamHad flrom the flkimlna* 
tor on every change to operating oonditiona, andeeta a 
storage ttteraoT to a memory tor controfitog Bnkedly to 
the received iighling oondttlona. resulting ki a oompla- 
Hon oT an ini flafaatton of linked operatlorta. 
[0073] In adtftton. a lter com ple t i ng the tomaHzation of 
linked operattona.tftastepe of a3 end a4, exceptionally 
85, to Figure 3 (2) are executed In the caee or operating 
nnkedly to a home netvMoriL That ia, directtona or Knked 
operatkma ki Figure 3 are provkted by a user of house- 
hoM ol ect ric a p p ianc e a In a home netamk, depending 
on a contraier end household electric appflancea. 
lOOTq The abova-mendoned case to such that ak 
condWonere are operated Inkadhf to Sumtoatora and 

I or more houa^ 
Itaahoma 




apptanoN 

proyam to toatalad In I 
SLchthatsubidanlHIeroodesaree u to me ti CM lyprevlde d 
to the p i aj e nu e or pkaal household electric appSanoea 
having the same kinds oT toendftar codes, leading to a 
prevention oT data interference by transmXttog and re> 
ccMng data provided with the sub Uentmer oodee. 
[007q In condorrtinlums, an kitorference or e home 
netamk system cen be ceused to neightiortog secttoris 
(rooms^ The meesuras, ttMrslore. are adopted auch 
thitanelecbic wku is prw hied with a lilocking fitter, data 
are ban smttt ad end re cei ved wito the provision or diftof> 
ent house codes to each sacdon, or the Ilka. Stooe the 
iarep ut ) ll clyl Biu ia ii arta>ttwlrdaacripltoi ta are 

(OOrq Baaed on tha above, a homa nalwoffc syatom 
of &nbodiment 1 to daacrlbedi 
EOOTTI Figure 4 ahoMta a prtodpai conflguratton or a 
home netaffvk system oT Embodlmant 1. 
[DOrq lnFlgure4^100toaooniraBer.101isameans 
of oonbuBi ig oommunlcattorm, 102 Is a meensofoorH 
trolBng in ferni a ttoii of fcanamitttog conditions and 103 to 
a "neana of ecqulrtng operation data. 
[0079] 300 te a household electric appliance to be 
Unkedh^ up ei a t ed under e controOer, 301 is a meena of 
c x ' n t rUP ii y o u iiiiiMnlcattorta.302laa m e s nsofmalntato> 
tog I n tor ma tion or bansmitttng oondtoorw, 303 to a 
meanaof cofit^ollng banamtoaton of operetton data, 304 
toe means of cormotOng l idbiina t l on oTtre nsmi tdng oorv 
didom and 306 to a meana or oontraMng operation data. 
IDOOq llOtaanetaiartclnautmilnganalecbtewka. 
IPOtI) ThameanaoroonbollngoommunlGBtionalOl 
andSOl orihaoonMtarandthahouaaholdetacMcap> 
pOanoa raapeodvefy oontral axehangaa of naoesaary to- 
formatkyi wWi each other and. dependtog on Itto sllua- 
lien, otttor househoM eleobrte ap p flamjea and aenaora 
(both are not shoMto bi Figure 4) by using the natMorti 
Dna 110. Spadflcallifk a ganaratton or data to ba bana- 
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nutted, a transmtsston of I 
ception of tetagnphte maaaag— , an eictFacflofi of data 
to be received and the lOce. 

[00t2) ngum 5 to 7 spedflcaly ahow types of con- 
figuration of the conMlar. In Flggms 5 to 7. 101 la a 
netMwvlc bi t ef faoe untt equivalent to the meana of oon- 
traaing oommunications 101 shown In Hguro 4. Ill too 
central ptoo eaa unft (CPU) configured liy intomal chipo. 
112 to an kipul-oulput (conbol) unit oorapriabig o uMf 
Intoftaoe (Ul). 113 to a ROM programmed fay a manu- 
todurar fot perfonnlng an apprapriafea fiinction aa tha 
oontreOar. 114 to a fMfl hi wMch naoaaaaiy data are 
propeify storad wfda partanning a ftmcllon aa tlw oofi- 
Mtor.ThaCPU.UI, ROMandRAMaafvaforthamaana 
of oontreling infonnatfon o( traRsmttUng oondHtona 102 
and ttw niaana of aogdMng oparalton data 103 ahoeai 
in Figure 4. Figure 6 ahowa a type oftha oomrotar whkti 
to not provided wtth the m and Figure 7 ahowa a typo of 
the oontnier wttich Is piovlded In ttie CPU wflh tha 

(DOOSl Each household etocMcappHanoa to provided 
with softweres and fnrdwaraa atmBar to the above, 
which have d if fei wt mem of y capacity and CPU per- 



tpOi^ Flguia 8 ahows a part of data stored In tha 
ROM. Figure 8 (1) depicta a tBl)le of trifonnatton to Iw 
tranamWad fttim each houaehold alectrtc appliance to a 
conlrollar The top row of Figure 8 (1) Mtoataa ttiat a 
raMgarator should franamtt Ngh, average or slop of 
cooling, on or ofTofdehu ml dmc a Monandavalua of ala» 
trie power oonsuinpflan. In the top raw, a alni^ astariafc 
In each Haw Indl catas that the folWgerater ahouM fr ai i ^ 
miton eveqf change tn tfia a b ov»^n an t l onad opare Un g 
condUons. and double astartoica Indtcala that tha roMg- 
eralor should tmnsmlt on every change aa wai aa pari- 
odicaty. Figure 8 (2) Indicates which household elactrfe 
appftonces ere ralatod wtth eftoctfve o per a tl o na of each 
houaehold eiecMc appBanoa. For exampto. a reIHgara- 
tor In the top raw to operated regardlesa of ottwr houaa- 
hold electric apptanoes. whie an dectrlc powe r meter 
in the bottom raw to related with houaehold eleolrte ip- 
pltoncea having teige elec tric power consumptton. 
[00851 Each household electrtcappaanoe has a (Unc- 
tion of meeting a demand of a oontrolar. That to. on a 
demand of a conirultof tar tranamttng, tha houaahold 
elecHc appflanoa has a hmcllon of inoaaatog data Ham 
to ba tranamlllad. Another ftmcUDn to to transmll every 
other minute elactrtc current oo ns umpOon wtUch to inl* 
tialty transmitled every tan nrinulea. Fdr ttie purpose, 
necessary storage and a^usbnent can be axaculad In 
an internal memory. Aa a resiit of a demand of a eor«- 
trotter for transmit^, a r e ft igei ai m bansmito itame In 
the top raw of Figure 8 (1) to the contraftoi; Tha rafriff* 
erator may oftor more ftjnctlon such as a transmtoslon 
of Inside temperature to be set; howefver e home net- 
work system of Embodiment 1 does not oormldsr mora 
function. A conboltor. therefore, doee not demand more 
function and to not aflbdad by a transmtoslon of Inslda 



temperature to be set or ttte late. 
[0088] Regarding a household electrtcappllanoe. the 
means of maMatolng Information of transmttttng cond^ 
ttons 302 to a memory for mafntatoing tha concffllona of 
liujwiUnbig oparaflon data« such as information and 
routtna on wtwn tha operatfon data are tranamtttad, 
wWch operation date are baramitted arvl to which a/^ 
dress the opetatloii date are transmlttad. The oontente 
are deecribed aa the above-mentioned Figure 8 (1). 
{0087) The maana erf oonMlnglFansmisslon of oper- 
ation date 303 trensmite op wa tton date (oontroOad 
theretiy) ttvough Hia means of oontraUng oommunica" 
Sons 301 toaflootda f ioswilhthalnlioiimtlon matot a i na d 
D]f ine mesne Cm fiHsmaisig uumniaaon or oanamaBng 
oondMona. SpacfficaDy, sw^McfAigL a food of oparatton^ 
a time signal in airwaves received by a radio, and the 

ite 
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The meara erf conbolino < 
V stores operefion date of a household < 
ooratanOy or pertodlceilyL 

{0088) The meana of oontrolfeig Information of trana 
mitliinf conditions 304 Informs the meana of majntalnlng 
in for ma tion of tr ansml t Mn g oonditlofv 302 of tha Inlbr- 
3S tnatkwi of traitemitting oondlfiora banamitted from e oon* 
troSer, end updates the Information maiiiteined by the 



tions depending on tfteslluation. That to, tha Information 
should oocaatoraOy not ba transmltiad dopendbig on 

** Idnda and tha oontente of houaehold elOGMcappOanoaa 
oorvMcted to a home natawlc* 
pNMO) Based on tha abova. a oonMtar storaa to a 
RAM the oontente shown ta Rguras 8 (1) and (2) will 
regard to only household alacMo ap p Ha nca a cuirenfly 

35 ocnneclsdtoahofnanalwQfkayatafiL'Mdngthaltenfte 
of an elecbte p ower meter shown to Figure 8 (2) for eat" 
ample, the oonterrts atwwm In Figure 9 (1) are stored. 
Thto case to such that coda 1 to provided for a r^rigaiw 
atorwhleoodeel and 2 are provided ftar air oondtlon- 

40 ere, tatevisore and video tape reoordera. Thue, to a 
home neturarfc system the ele ct ri c pow er ooneumpOon 
of a household etodric appiianoe to oonboled feaa than 
a predetarmined value by a program, refarrtog to the da- 
te of an electric power meter stored to a RAiyt Specill- 
calj^tharefrigeiatortolceptswttchedonandoneofthe 
air oondRlonera or ttte televtoore to awltched off. The pro- 
cedurea are daacrfbed to Figure 9 (2), 
|0001) AltBniatlvely,ewordpreoassortooperatlQn to 
kapt swHcfied on and ttia refrigerator capaUe of pausing 

M to switched off. then tha oonboRsr. tha word prooaeeor 
and tfie talavlsor are Informed thai the rafrtgaiator to 
switched off to oonaMeralion of total eleebte power oon- 
sumption. 

{0092) Themeenaof contraiIlnglnfoffnatlonofbena- 
M mttttogooncflttom 102 demands ftam ttie meens of oov>> 
boSng ti fo i i r im i un of transmitting co n d tt iorw 304 of e 
household elecfrte appOanoa the transmission of Infbr- 
matton of transnMing condlttora such Oiat wtwn and 
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which Infofmatfon is trsRSnlttBd, and Ifw biHufiiialian of 
transmitttng oondttlons is reoeivBd In rssponM thsrata 
In addltfon, ths rnodnsof oorrtrcdQngbifiuiinaflQnof tran^ 
nutting conditions dofnands the transnossksn of dais 
suet) that which opsi at htg oondittona can bo transnvttsd 
and racaivea • re sp on — tharato. If the response In- 
dudaa the data of opafOtInQ conditions^ the data are 
tf answitted Id ttie means of aoqulriny openittow data ty 
the means of contfuling Infonratton oftnawnilllnQ coi^ 
ditions. 

[0093] tf the response of in i mmaUu n of ti ansm i tUny 
conditions from a liousehold aleclric appUanoa does not 
include the data of operating o u n diU Dn a > the means of 
acquring operation data damanda the tiaiwirisalon 
titeroof and raoalveab 

(00941 Baaed on the above, the oparsOona of houae- 
non aiuuiiL appuanoes are apprapnaiBiy oonmwo mi 
a home nalwarlcaystani audi that a oonftoUor li a oanlar 
thereof. 

K009Q] Taking a usar-Atendlytocslnilefer example, a 
user is pertodicaRy informed by printing that fscstanSa 
numlief of tranamittar and receivsf, dale and time of 
transmission and recepdon. the number of pepara in 
transmission and reception, and how many more papers 
left Aiso. a oontroflar is simOarty fc tf u tmad. 
(0099| The controller, hv^ever, is informed not merely 
tiy printing but also through an aiadrtc wte. Dapeivfing 
on the dfeection of the oontroMar, it can Im Mbrmedonly 
that data and time of transmission and leoepUon* the 
numtier of papers in trensmisslon and leoapHon^ and 
how many more pa pe ra ML 

IP067) Aa a specific maanalhareCDr, the oonMlardl- 
recu that e flag be provided for or4y an Hem to be in- 
formed l>y a home network among ttananilaslDn llama 
maintained by the meana of mafeitBlnlng Inferniatlon of 
transmiliing conditions 309L 

(00901 In a home netiMorksystamahoiimfti Figure 1, 
a ccntiollai decides which operatloti data of a household 
electrfc applianoe can t)e ecciubed, and thereafter neo 
essary control is executed. SpacHlcalyb a uintiulai 
causea a fiacsimile to itng e wanting so aa to Mbrm a 
user of papers scarcely laft 

(0099] WtMn plural facsfenles are used In an office, 
each fbcsimie Is pnividad wHh an identifier code (iO) by 
another meana as described atxMe and thereby ills de- 
aded wfiich facalmfle rings a warning. 
(01001 In a home network aystam ahown in Figure 2 
<aK a control unk of a household etocMc applianoe ia 
properly oontraOed by a conlreOer. For aawnpte, an ok* 
hauat ffan inferroad of a Oghtkig of a oookbig stove is 
a u torr wU c a Oy awttciteU on or leveled bi Us power 
even in o p e^ a ll o n. For the purpoea. a aparfc phig of a 
cooking stove detects a s«MtctHin thereof by a uaar to 
insiantaneousfy transmka sigral to ttie oontroOar, which 
directs ttw exhaust fan to operato wtion out of operatton 
or to level up its p ow er to a maximum wlian in a taw 
power or in an air-conditioned room. 



(Embodiment 2) 

[0101] In Embodbnent 2. a househoW electric appi- 
anoe. which utiizas operating condMorw of other houie 

5 tiold eieckic appiiances lor corrtroSlng operations ther^ 
of, aoQulrea ttie operating conditions ftam other hous^ 
hoto elecMc appOaneea to be UnkedL 
[010Q Kbida of other household electric appfianoes 
wti oa e operation dato are necessary for a tiousehold 

ro electric appOanca ate specified. For example* indoor 
temperatise and wt w thar an air conditioner Is In opera* 
Hon or not are importarrt tar a ventlatton tanc and pai^ 
Oou t aily the operationa of a cooking stove is important 
Ibc an eatwiiat tan above the cooking stove* whia 

f s eMhar a tolovtior. a washkig machkw and an BunH- 
nator arv In oparaOon or not la not iB l a t ad with the op- 
erations thereof. An exhauat ton, therefore, aoQuinaa orv- 
ly operation dato of neoaaaaty household alactite eppO" 
ancoaaucltaaaceoktog stove so astoflnkthe op ai a t fcin 

20 datotothaoperalhmttiereof. 

p0103] By conlrasC kinds of other houaehold eledrte 
appBences, vi4ii^ utlllzs operation dato of an air condt* 
ttoner, are apecifled. That Is. the operatfcsna of an air corK 
(fltloner ere 8 ut >s tontie il y not reiatod witti the reception 

M ofafac sk i J eandtheoper a tton a of h d w al ei suppltes, 
arni addttonafly simultaneous operatton of an air condl- 
lio n er and either of a warm air drc uiato r and an electrto 
heater mearw a disorder. 

[CM 04] The equipment <rf e simple eppUanoa auch aa 
30 a aenaorwithatknarleedatoaraisetooosta. 

(01091 Accord in giy , depend in g on the kind of another 

nouserwH etoonc apptance no oe aisiaaao si a room. 

toehouaehoMsiectilcepiiHanoecandkecjtlyemukeon* 

lyoperatiPnttotoof neceaaaiy ho ui eholdelectiteappl^ 
30 anoaa not through a conboOaraoaa to toik the opatatfon 

data to Ifw attodlMe cperaOona Ihereof. Embotfment 2 

retatas to such a case. 

(Pioq Figure 10 shows a oonsdtuOon of Embodiment 
2. 

40 (0107] toFlgureiaaiOlsahousohaMsleckncappO. 
anoe which outputo operation dato thereof to t>e utttzed 
for the operationa of other household eleoblu apptianc^ 
es. 301 ia a me ens of oonkoKng comnnunicettone, 302 
is a mearta of makitalning ii i ft s i i w tto n of transmitting 

4S oortdMona* 303 is a meens of cuntiultng transmission 
of oporatton dato and 311 is a meara of aetUng infbnna 
ifluil df mannwuiig uunoiuovm 
(Oioq 320 Is a houaahokt atocWc appliance which a&- 
<|uirea operation dato of other houaehold electrto 8ppB~ 

00 anoeaaoaa to uHlBa the operatton dato tor HMietfoper* 
attonswdoi toamemofcanMtoooomfnunlcatttant. 
321 is a meens of inuismRling demand data far aetUng 
intormaUon of liaiiaiiAtIng corwiBiena^ 382 to a mearto 
of aatUng leoepflon of operatton data and 323 toe mearw 

MMMBlaHkBlBM M 11 tl J II Hill 

%M Goraroaing ■nxeQ opereiionaL 
E0109) Theftmcttoneofthemsansofoontroikigconv 
munksatlona 301, the meana of maintaining information 
of iiaiisiiilllfcigco ndil iow 302 and tho ffwans of cm di o f- 
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lino transmission of opmtton date In the utnzad houso* 
hold electric appllanoe 310 are slmlar to those of Env 
tjodtment 1. 

IPIIO] TYie means of setting Mbfrnadon of transmil* 
ting conditions 311 sets in the means of maintilning In- 
formation of transmming conditions 302 the Intormatlon 
of tfBAsmittlng conditions transmttted from the utlizlnQ 
household etoctrtc appBanoe 320 through the nehvorfi 
fine. For example, a oooMng stove bitorme an exhaust 
fan thematiove of Its op er a tin na and ^aWch power lawal 
of Mgh. metfum and taw whan In operation on every 
oontral tiy a user. 

(0111] TTw means of fr ansi ii i tting demand data for 
setting informaOon of tansmlltfng conditions 321 in the 
utilizing household aleclric appllanoe demands that the 
utiHzed household alectrtc appllanoe 301 set a prada- 
tsnntned I n fam iati on of trar m nltt in g condWona. Spedg- 
tcafly, an air o ondlttonsf demands that a thsrmai aenacr 
petiodteaify transmit tempe ra ture in f iu iin aU oii . an ex- 
hauat fan above a cooking stove demands that the cook- 
ing stove transmit tM farafonnatton of Ka operations and 
power toval In operation, and an air oonditfoner transmit 
the infarmation of its operations. 
(Oliq The meana of setting rscaptkan of oper a t kjn 
data 322 IMncions simlaily to the meena of ac q uiri ng 
oparattandataof EmlMdlmentl andaoquiiBsoperatton 
date tranamitlad from the uHiaad household electric ap- 
plianoa periodlcaly or on every change bi operating con- 
ditions. 

I0113J The meana of oontfotgng linked opera dOT te 323 
controte operathg oondUlDna of an appltenoa provMsd 
tharawtti ki accordanoa wNh the date aoqukad by the 
meansof setting reoeptton of opeiatton data. SpaoNlcBl- 
ly. if a thermal sensor tr ansm «s the intbrmathin of low 
temperature, an air oondBoner reduces Ite power level. 
[011^ An exhaust fon above a cooking stove is not 
merely autpmatkalty switched on when the cooking 
stove is lit but atao is leveled up In Ite power to a max- 
imum so that the air heated by the cooMng stove Is pre- 
vented ttam dBhjsIng into a room when an ebr condiltorv 
er la In oparatton, and additicnatfy dependbig on the st- 
uation the exhaust fen consMera indoor temperature 
end ralsee a volume of a te l evl io r In operabon. 
PH1SI Figure 11 shows prooeduraa for perftormingOie 
ftjncttonsof an eodiaust ten. 

fOIIOi In Figure 11. (1) shows prooodurea far Onkad 
operations to a cooking stove and an ak- condUoner on 
an introduction of an exhaust to a home iwCworkaya- 
tern. (2) stwfws proceduraa for linked oper a tton s partio- 
liarty to a cooking Stove aa a part of a home network 
system. In Embodiment 2. It is detected by Ow presence 
of an ak- oondittoner within a direct reach of ulkaaonic 
signals fhim an exhaust ten <the presenoa of Ito re- 
sponse thereto) whether the air oondWonarexiste near 
the exhaust fkn. 

[01171 In addition, skniar fbndkm are parfbrmed In 
linked operattona of an audto appllanoe and an ifkimtoa- 
tor to a curtein and a window Uind. That when en 



au<flo apptianos is switEhed on at a Mghar volume ttun 
a predetermtoed volums or an numinator is switched on. 
a curtate and a window blind are automaticaOy shut un- 
less a user transmits sdvoctton. Moreover, when an air 

A conditioner Is In operattan with a great diterence be- 
tween a temperatiae to be aet and indoor iBfnperatura. 
a curtate and a wtedow blM are automaticafly shut 
PIIIOI A storage heater fior water by utSdng electric 
power at nighttfena can be operated in a fol power level 

fo alttecordlrming that anolher a ppl ia rioecorMum k i g gr e at 
etodric power such aa a warm air diculator to out of op- 
eraltan at nlglittiiiie. 

lOlli] InEmbodbnentZ whetheraoonlroBaraxiste 
ornat,ahouaehoid al ecl rtfc a ppltent e nas thareaanaof 
19 oontralteg Onkad oparaflona, wMch te an added sofl- 
ware, tar oonlraHng te acoordanoa wite Ote dbaeOona 
from a netwMirk. result^ to appropriate Med oper»- 
tiona to anolhsr retetad housahoW etecMe appOanee 
wiltiout causkig a raiaa to ooetiL 

so 

(Embodknent 3) 

[0120] Emtw dim ent 3 emptoya e device for satlteg 
linked oparattona. 
» [0121] Figure 12 shows a uon stKulfc jn of Bnbodtment 

3. 

[Oiaq to Figure 12, 40 li a davtoe tar setflng ihikad 
opereltana. which is c onnected to a home network aye- 
tem on an kiteodudkm of a housahote elecMc appOa nca 
so thersto. 

KP12q 402 is a maana of tranamitttag demand date 
far settteg h i ta ni teU uii of tr ansm lttteg oondltinna. wtdch 
tranamlte date far setting kitarmadon of baiuiiilUInQ 
oondMtona to ttte means of aatflng IrdbnnaOon of bana- 

M mtttteg oondttona 311 of a prsdetennteed household 
BlecMc appltenoa OvDuc^ the network Use 1ia 
[01241 403 Is a means of kanamkOng demand date 
tar sattfcig recepdon of oporatton date, which aeto a pra- 
detemWied reception to the meena of setting reception 

^ of operattond^ of a househoU electric appfianoe. 
[012S] 330 Is a household elecbk: appliance ki«vhlch 
necessary condittara for linked operations are set by the 
device tar settteg Inked operatkm. Except that ttw date 
to be maintained are set by the device for settteg Bnked 

^ operaflona.thafanctfonsof themeensofmalnteteteg 
Intarmatton of teMsmtekig oondldona 302. Ote meena of 
otedreflteg transmission of operatton data 303L the 
maens of eetUng intarmatlon of bansmltllng ooncflflora 
311. the meana of setOng racept l o n of operaUo n date 

80 322 and the meana Of oonteMngitekadopsnMtane 323 
are similar to those of Embodlmente 1 and Z 
(0128) te Embodiment 3. a davloe c o mpri ai ng an to- 
tet^atsd drcuk krto wtilch a maana of communicaling, 
a means of dlsplayteg, a means of inputtteg and various 

" commands are b i corpor a tad la necessery In settteg kH- 
tisi Ikdced operations and kiboducteg a household alao- 
tric appitanoe to a home netefortc aystem. whie the da- 
vlcB to ufwiQOBSsaiy ttwulter and pradotanntead 
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household etoctrtc appllanoBS m Inkedly opvstMl 

wrtttout a controller. 

[0127] SpedRcaffy; a penonal oomputer reads In a 
program in saQing a home netwrarfc; a necessaiy ckcuM 
for a home networfc is I no o r pof at ed In advanca Into 
household electric applianoee co nn ected thereto; the 
program accesses af I or the household electric appOano- 
as t>y a signal or a wireless or an electrte wbe eor every 
setting otted in the home netwoffc auch as air eondaion- 
Ing and energy saving; and the program iflsptays the 
hous eh old eiectrfc a ppl la noe s and the ttems of Bnfcad 
operations d e pen di ng on the sltuatioa leading to proper 
setting of linlcad o pe r a tio ns and necessary displays. 
Fufthevmore, predotei mined household eieclric appl^ 
anoes are iinkadly operalMl wtthout a controOar, reault- 
ing in less eteclrlc power oonsumption. (A aollMara and 
a hanKim In consUsration oTa hams nefMortc system 
am InoofporaM mio houaehoM etecMc appBanoBS hi 
ths s t a g e of manufadurlng.) 

(Emhodbnent 4) 

[0128] EmtxxSlment 4 applies Embodiments 2 and 3 
to an air Gondiioner to be Inkedly operated after receive 
ing the data from a sensor tor the presenos or persorw. 
Figure 13 shows an ap p li ca tion or Embodknent 2 and 
Figure 14 shows an appicatkm oT Embodiment 3. 
[0129] In Embodbnent4, a sensortorths prese nce or 
persons Is Installed In a room provi d e d with an air con- 
dWonsr ao aa to dateel the praaenoe or perms by In- 
frared ray ftom ths peraons and ■ movement or the 
source or Inftarsd rayL 

[0130] A ssnsorftar ths prassTtosoT persons dstecto 
the abaenoa oT persona to Inltanw an ak condMon s r oT 
ths absanca. TtMraaAaf* tha air oondNtonar Infonnad 
theraof to lovelad down In Its power, and to aarilchsd dif 
and on standby after the absanca far a pr a datotmlnad 
tima auch ae an hour. In tha case of taw parsons In of- 
flces. the air oonditksnar may be leveled down in Ito pow- 
er or an angle or a damper thereor mey tie de u e ese d. 
[01311 Alternative an alecOte current melsr to ep> 
plied in substitution for a sensor tar the presence oT per- 
sons so that the elect ric power corwumpOon or an air 
conditioner Is maintained at a predetarmined value or 
less and the electric power consumption to ths whcta 
house or office to m a i n t a i n ed st a predetormtoed value 
or leesL Thus, Oie etodrlc power ootmimpdon or enottier 
appltance such as a personal computer can be to- 
creased to a house or a buOmng. A tan around an ab- 
oondtoonsr can start to ba opsraM to acoordsnoa w«i 
a dacreaaa In the p ower teval oT the air con d Mte nafc to 
an office, en air conditioner can be tovalad up to Ito poll- 
er so as to cool ttw oAlos during norsjse of e word proo- 
Bssor. a personal oomputor and the Ilka at lunchBme and 
before work in the morning as wall as whan Indoor tem- 
perature to pr^Brebly lowered due to the waSctog or an 
office wortiar. Altar starting work the air oondWoner can 
ba leveled down to tts powar 00 that tha todoonsmpaii- 



ature graduaOy c han g os to a tamperatota approprlato 
for desk work and thereaflar somewhat Ngh tampara- 
tum with a decrease to etoctric power comumptton, and 
consequeftfy the office worker can maintato moOvaOona 
9 (the office worker toses motlv a t to ns and ti e oo mes 
sleepy due to the n iaintBnan oe oT a oertato t e ii y ar atu rs. 
fMulttog to a d e or aas a to tha effidancy oT wortdng-tor 
the wtwie offioe)u 

fo (Embodimant 5) 

[p132| Embodiment 5 tocorporatea an Intagratodcort- 
trd de>4ce for a home network system Irtto a rerrtoto oor^ 
troOar (a remote control device tor e uaer) common to 
18 anairoondlttoner, at a lev too r. e video tape l e usda r and 
the Itka. Figure IS shows a constftuttonorEmbo dl msnt 
5. 

[0139] A ramoto oontroBor common to an a^ oond^ 
Oonar, a tal avt w . a vMao tapa raooidsr aisl an audto 
20 app Man oahasbaanusabtoorflnsquanOyoo nai defad to 
be uealtf a to recent years. 

|I134 to thto cess, the remote controller ml merely 
comprises a transmitter oT faiflared rsy or elactroma^ 
netto wave for controfltog the operetlons oT vsrious s^ 

29 pOarwee but eleo tnstentaneousty causee the control oT 
a user to tM reflected in e trsnsmlsston or e direction to 
an eppUance to tie oontpotted. Aooordtogly; In the case 
dsn air con d Woner.stotovtoor and a vidsotsps record- 
er, it to pertloj tarty rrwde more eftactlve lliat various ep- 

» pllances to a homs network system are operated with 
tha rafledton of the control oT the user, for example, an 
HiQuibimiloTelactric power ooneumpOon, an open arKi 
shut or a curtain and a wtodow bitod. and a switoh-on oT 
an ffiumtoator linked with a ctook. 

M i D13q to addRton, whan total etadrte powar con- 
surnptfon of housohoM olacMc appBanoos siapasaoa a 
IMad valuadiia toa SMitclMt and a powar tavaMipoT 
a household alacMB appHanoa by Ote ussr. the lamote 
oonbollsr (flspteya tharaobout so as te causa ttte user 

^ to choose wfdch another housetwM otectrtc appttence 
to s witcttod oft. Thus, en inconvenience due to a eudden 
blowoul of a hiae wid e swttoh-cir of NFB csi be pre- 
vented such that not mareiy aO appiancas inchjdtog an 
lUumlnator are suddenly switched off at nl^dttme but a^ 

40 so at date beino ounanlly stored to a word prooasaor 
aredetoted. 

[D138] The remote oonlroter can easiywem the user 
or an unnatural dkactton such that en eir uu n ditton er to 
switched on Airing Ihe operation of a warm air drouletDfi 
ss |D137] The praeeni tovantton was d e auto e d above 
baaed on the embodlmante and to notUmltBd OMTBto. 
That to. tha feOowing changes and modlflcattons may ba 
madatheistat 

w 1) An appfianoe connected to a home nebaork sys- 
tem doaa not have elemente (oonstltultons. requsa- 
mente and specffied matlsre) of tha present Inven- 
tion. 
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2) Ths maimefv of cislnis flrt ooncunvntiy onv 
ployod. That is. an appltemoe fs oontnsitod by a con* 
trailer. wMto anothar applianoa is not oontreOad 
3} In Ent>odhnef« 3. an Inittal setting Is exaoutod 
also using an waduahm connection ina. 

4) A uttod appUanco Is not a houaahold alaclrte 
apptlanca but a sensor for the presence of persona, 
eioctrte powder consumption and fluminanoa. Thus, 
a utiizing appCianco such as an air conditioner and 
an llumfnator Is leveled doMn in Hs power or 
s^^Mched crff In ttie atvaanoe of persona. Aitaniottve 
ly, a utitzad ap pliance is a switch. Thus, a heater 
using karosane tor lUel la sw i t ch e d on aottiat Indoor 
temperatups rtsaa and the density of carbon dloBdda 
incraasaa, and tharMflar a vanttatton fan la 
switched on. 

5) In Einbodbnenl 3. the ftinciaro of m paraofwl 
oomputar can be used for a means of oommunicat- 
■ng* a means of displaying and a means of InputBng. 



(11140] An Inoonv enten ca due to a uaarti caralaas 



set in a (fisk slortoig a nacasaary program. Tlia sal- 
ting can be exaoulad not merely by plugging In on 
eiedrtc souroe Input unit besldea a i 
unit of a wearabfo device for setting linked I 
ttons but atao by amptoying vartoua maana such aa 
an input devloe by e uaer. 

6) Reganflng a decrease m total etecblc power con- 
sumpttan. wtfian e user directs another appliance to 
be sw I tL hed on, a lemoto oontroOer has a fonction 
of displaying that the user stmid choose whki) ap- 
pllanca is switched off due to the excess In totsi 
eiecW c p m m oon a um ption. The procedures ars as 
fn lo wa; an aflowanca for eladrte power supply is 
rolGulotod bi advance liy total cUectrto power oon- 
sumption of appOanoea in operation and a capadly 
for aleolrle power supply (rafarring to FIgura 9 (2)). 
and a warning la disprayed if elecMc power oon- 
sumpdon of another appllanca«Nhich la awKchadon 
by the user Is not within the alowanca (sMar to 
the steps of a1 . a3 and a5 in ngure 3 (2)). 

7) An appianoe is not Hmtted to a household eiecMc 
appliance and a home netwoik system is intended 
n^eraly for a house but aiao for a aactfon of an 
office. 

8) When an InstallatkMi of arMrttier appUanoe in a 
home networtc eystsm leada to the presence of plu- 
ral oontroOere and means of controlling Unked oper- 
adona thsreln. a proipam ia inoorporvted therein 
such that second oonbollar or second means of 
oontraRing linked operarttona to not operated. 

MOUSTRIAL APPUCABIUTY 

[01381 It is to be understood from the above d ascr ip- 
tion tfiat linked operadons of appnanoas ars aesily and 
flexOMy set aocortflng to the presem invention. 
119139] An embodiment offsraleeaelecMe power con- 
sumpHon. 



1. A control network system of an appllanoa oomprt^ 
Ing a cun tr u l ia and a pluretity of appllanoea ooth 
nedad Ihrau^ a natSNvlK; 

wherein ttia appSancee aoQuke n e cessa ry op- 
erattan date of aiwdter appUance kom ttw con- 
trolier and utBze die operation data for conbd- 



fS 



each of said 



a means of maintaining an information of a 
trartsmilting oondKton of oparstlen date 



lOf 

Viersofbya 
icf 



I itia bifonnaltan of 
I for reoalviiig a 
■ air irenamanng me iiiumanon or 
the trafwiiftling condition tiy aaM central- 
for, and tranam&tlng and setting the info^ 
matkm of the t r a n sinl tfl n g condifon main- 
tained by aaki means of mafettakifog the In- 
formation of tfie trenail lining condition in 



a meana of conboUing a tiensmisston of tlw 
operatfon dato for transmttHng 1 
Uon data ttrareof oonkoled by a 
of conboftog the opsratton date in 1 

wlOi Itta infonnation of the baiwiii^ 
tfngcondUonmalntafeiadliyaaidmaanaof 
nwjntalnkig tfia Infoiiiiatfciw of ttia ti ansiiiil ■ 
tfng oondldon* 



a meens of conboOing ttie I n toii natto n of 
the tranarnktlRg oondiSon for demaivfing a 
transmission of the dato makitafcied toy 
said mearv of malntaintog ttia kiformatfon 
of the tJansm itt J ng condition f^om said 
meena of controiing dM kifbrmatton of the 
trsnsmitdng conditfon of each of said appO- 
anoea. receiving the lii fo i inaiki n of 9ie 
transmNtfeig condition treramltted ffom 
eachof the eppllances in response tharsto. 
setting a oonbul Itam ki the information of 



aaatOngoflhe 

tfogoondnonafa 
formatkin of ttie 
doaa not inckida 
nam; and 



of ttwbansmll- 
lism when the liv 
oondlBon 



12 



23 



EP 1115 263 A1 



24 



a meens of aoquirtng tha oparaflon data Ibr 
aoquirtng (ha oparalion data whan lha fev 
torrnadoo of the tranaiidttlng condtton of 
each of aaW appHanoaa racalvad by said 
means of oonliufiing the niHunriutlofi of lha 9 
oujiBfiiitttng condtton Indudaa a ttansfnia* 
sion of the opoiutiun data of the appitanca 
to said oontnoOar. and damandlno a trana- 
mfsslon of the opafatton data from an ap- 
p<ianoa to aoqulrafhe operation data whan fo 
the in fafn iytkw i of the tr ansi i O tth iy condi- 
tion of each of said appfianoas lacaivad tiy 
said maana off oontrelllng Ilia hntormation of 
the transmitting oondttton doea not Induda 
the irensiiilBBkiii of tha oparallofi dafts of m 
the appftanea to said oontroltaii 

A oootpol nabaork tystom of an applanca oomprto- 
ing a plura«y of ap pll n ce a connacted Ihraugh a 
nattMoric; ao 

whaiain each of tha appltonoaa raoalMa nao> 
essaty opefaHon data of another appUanoa 
through tha nehvortc end controls en efflctont 
operettan thereof to be linked to Urn received m 
operattan data; 

each of tha appllanoaa whoae opefallon dato 
are u tite sd oomprislng; 

a means of maintaining an information of a so 
transmttUng condWki n of o p ei alto ii data 
lharaolt 

amaanaofoDntrolUngetransmlsstonofthe 
operation data for (sontrollfaig ttw oparaflon 
data thaiaof by a pfedetsrminad program, x 
and transmlltbio the oparatfon data thereof 
in a cooid anca wtti tha I n lbr ma tfon of the 
transmitting condition malntakiad by aaid 
means of maintaining the hif u ni ia ttonof tha 
transmitting oonditton; and 40 
a means of setting the infta n n atk ai of ttie 
tra nsmi tt in g condition maintatoed by said 
meansofmaintaintng the information of the 
(rensmlttlng oonditton in accordance with 
prsdetennlned demand data for setting the 4S 
inton na lio n of Oto tran smi tt ing con di tion re- 
ceivad throus^ the netwofffc; 

each of tha appttanoaa utiUUng operation data 
of another appRanoa comprtstng: so 

a maana of transmitting prodelamilnad da- 
ta tor setting the information of 0w tnm- 
mitting cond»on to the meenaof sallingiha 
Infarm a tto n of the trs nsn iltdng condMon of » 
another rslatod appnance; 
a maana of setting a receptkin of tha oper- 
atton data for receiving the oporadon data 



transmiltad from another eppHanoa to ao- 
oontanoa wllli tha demand data far setttog 
the iiifoiiiialtan of tha tranamHling ooni^ 
tion. and satttng a naoaaaary stoffaga of ttia 
operatton data In a cm a apund lng m emory 
thereto; and 

a maana of Gontrodtog a itoioBd operattan 
for conlrainng an eflldent operation thereof 
in a ccord a nc e wth tha oparadon data of 
ancOMr appianca leoelved and aet by the 
means of setttog the rsoepdon of ttia oper- 
ation datL 

a. Aoonbolnetworksystsmofenappiiancacompila- 
Ing a phntty of appianoae «vhkh are connectad 
through a notwvfc and are sat so aa to be Hnkadiy 
oporatadb yawaafatitadawtoafaraaMngaih^ad 
opaiallons 

whsreto each of tha appllanoaa faoah>aa opaii^ 
■i»"»«toofanB<harappBBnoathniUBhtftana^ 
woifc and contwita an alBelant oparalion ttiaraof 
to be Bnfcad to tha reoalvad operation data; 
eech of seid eppflanoae comprising: 

a mams of maintaining an information of a 
fransmttUng condition of operation data 
thsrsof; 

a maana of controMng a transmission of tha 
ci pei Blfcjn data for controUng tha o pw a t ki n 
data thereof fay a prsdatarmtoad program, 
and transmitting tha operalton data thereof 
in accordance with the information of tha 
tra nsm u ti ng coruMon metotainad by said 
maana of maintaining tha irdbrmation of tha 
bansiiMlfig oonditton; 
a maana of setting tha kifoiiiialon of tha 
Irartsmltlkig corMMan mal i iia toa d by aaM 
meenaof maintalnbig the Informalion of the 
transmitting condit i on to aooofdanoa afNh 
predetarmined demend data for setttog ttie 
i n fon na tion of the transmitting oonditton ra- 
oeived through the netvsorlc; 
a meena of setting e rsoeptfon of the oper- 
atfon data for racalvtog the Qperatton data 
kansmltted f^om another appllance to ao- 
oordance with the derrand data far setting 
the inftj t matto ri of the r eo ei vtog cond l tton 
racelved through the network, end setttog 
a nece ssa ry storage of the up e ra tf o n data 
In a oorraaponcflng memory thereto; and 
a maana of oanfenoUIng a Itokad o par a tton 
far comiuBno *h aWUaiUiyuiMifcm thereof 
In aocordanoa wtth the operation data of 
anotttar appOanoe reoehred and aal by ttw 
meenaof aatttngttta reception of ttie opeT' 
attondata: 
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said wearable devtoe for setting a Dnksd oper- 
ation oomprtsing: 

a nrt^ns of tra/tsmdtlng demand data fof 
sottng the iufbrmatlon of the transmitting s 
conoioon nor venamxiing preuuieiiiiiieu 
demand data fof setting the infannatlan of 
the firanainltting condition to eacf) of the a|^ 
pUancee, and setting the infermatlon of the 
transmitting condMon In selling the nel' 
worti and tntrodiicing vwlhar appUanoe 
thefeto; and 

a means of transmitting demand data tot 
setUng the inlbnnation of the reoeivfrig oof^ 
<fltlon of ttie operation data fiDrtranarattUng " 
the demand data iof aatllho the raoapHon 
of the operation dele to each of ttie appik 
anoee» and leoeMngand setting the opei^ 
ation date in aettbig the netiMOrfc and Inb9" 
dudng another appHanoe thereto. v 

A control natiMiflc system of an appliance oomprts* 
Ing a phirallly of appflanoee indudhtg an air oond^ 
tkmer and e sensor tot e presence of e peieon* 
wiJch aie connec t ed thiDugh a netiwof fci is 

whefein each of the appitanoee reoeivee ne^ 
essafy operation data of another apptence 
through the notieoffc and ooniraia an eRIdafit 
operaltan theieof to be finked to the leeelved » 
operation dates 

said sensor ftar a preaenoe of a peieon oomprl^ 

ing: 

a means of maintaining an Infermalion of a 99 
uBnsmnmg oonaraon or u e ie m on ghb mm 
a proaenoe of a pareon wtilch are operation 
date theraoft 

a menns of ou ii lm W ng e tr ansmiss ion of the 
u per a tton far oontroUng ttie det ec Bu n date ^ 
(ior the preeence of tite person by a prede 
tennlned program, and transmMng the 
controlled dete ct ion date for the preeence 
of the person In aooordanoe with the lnfori> 
matlon of the trsnsmttlbig condition maliv ^ 
teined by said mesne of malntalnkig the bH 
tamiatlon of the bansmUtlng oe nd lMoni and 
a maerte of eetdng the information of the 
vansmnnng oonomon mainBswi oy san 
means ofmainlalninQthe information of the 9o 

— " - m II t I Mil 

ifWfiwisHiig oonaimin in aooofoanoe wiwi 
predetermined demand date Itar eetUng the 
information of the baiisiiiitUiiy oondtton 
calved through ttie netavorlis 

as 

sold air conditioner c ompri sing: 

a meana of transfflMIng predetermined d^ 



mand date for setting the Information of the 
tranamitting condition to the means of sel' 
ting the Information of the transmitfing ooiv 
dlflon of said seneor for the presence of the 

person; 

s meene of setting the reception of the 0|h 
erauon cBia tor reoeivmg me oeiacDon o^ 
te for the presence of the person bansml^ 
ted Ikom the sensor for ttie presence of the 
person In aooontanoe with the demand de> 
ta fbr setting ttie Information (rf the trans* 
mitting oondlllon, and aetltog a neceesary 
storaBsof ttie datoctton date for the prae* 
ence of ttto parson fei a oonesponding 
memoHf therito! and 
a mesne of oonlrallng a Hnked operation 
for oontpottig an oparatton of the afr ooik 
cttlonsr In aoo ot danoe srtlh the detadlon 
date for ttie preeence of the p eisow 
ce h red and set t>y the means of setting the 
reception off the operslton data. 

S> A cxnMioI nebeorlc system of an appliance cumprte* 
ing e pluraflty of appliances Mudtog an air condi- 
tioner and an electric power aenaor* which ere con- 

* II * Al^HM*^^ A ^ 

neoieQ uauugna nensoni; 

wtierein eech of the appllanoea receives ne^ 

thnnigh the nebaofk and oonbote an efficisnt 
operaflon thareof to be linked to ttw reoalved 
operatton datK 

a meena of mabitaining an information of a 
uMiisiiiuuiig oDnomon or ueieuuuii ^amim Wm 
en eleolrfc fiower wtilch are operation date 
thereof^ 

a means of controfling a transmlsaion of the 
o pei aDu iiiorconirowaigtneo eto CDonoaia 
for the electric poewr by a predetermined 
pro|^anv and transmitting the oontrailed 
detection date for the elecMc povwar In ai> 
cordanoe with the Information of the trAns- 
inittlng condition maintained kyy said 
iTiosn* Of rnwriuanDig ms iiumiiutuuii oi ms 
Honsmnnng CDnonion, ano 
a meana of setttm the Intarmattan of the 
tranamitting condMon maintained by said 
means of maintaining the InformaBon of the 
transmitting condition In aooordanoe v4th 
predetermined demand date for setUkig ttie 
I iHjiiiiauon or irw Daranvniig oononon r^ 
oatvad through the netsaiilQ 

amaansof Innsmttttngpredstermlnad d^ 
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mand data for setting me Information of the 
transmitting oondfllon to the means of sot- 
ting tho tnfonnatkifi of tfw mnsnriOfno oofH 
dltion of said electric pcMw sensor 
a means of aott lii g a reception of the of)er- 9 
atlon data for reoeMng the detection data 
for the alectrtc pcMwr tmnsmHM ftafn the 
electric power sensor ki aooordance wWi 
the demend data far aefflnq the i » ftjiiH Bl iun 
of the tr ansi isUintf oondlion, and setting a io 
neceeaary storage of the d et ecti on data far 
lhae l actrtep q w> i inaoofre ap on d lngmenK 
oiy t h ai atm and 

a means of oonlralttiQ a fintod opawtto n 
forconMtogenopafattanoffthaatoan- f« 
diHoner In a ooontonca with IT 
data far tha elacHc power of the I 



I satftiQ the laoapttan of tfia 



a means of sattbio a reception of the oper- 
ation data far raoeiving the daCactfan data 
far the pmeraa of flw paiaon trensmned 
Ihimthe s ei au f farthepia s e n oeoftheper- 
son in eocovdance wfm tfM demand data 
far setting B method of tfie receiving condi- 
tion received through the netwoftc and Bai- 
ling a ne c essa ry storage of the datactian 
data for the preeenoe of the pereon in a cor- 
responding msmoty thereto; and 
B meens of controOfeio e imiosd op eret i u ii 
for oontrollkig an operatlan of the air con- 
ditioner in a ceof dBi i u e with the detectton 
dato for ttie preaenoa of the person ro- 
celwad and sat hyfte means of setting the 
i of toe operation < 



davioa tar Batting a Unload opar- 



A control network systam of an appliance con^^ 
Ing e pluraOly of household elecMc appOancaB in- 
eluding an akr conditioner and a sensor far a pres- 
ence of s person, which are oorwe c tod tfvough e 
networic and are set so aa to Im llnkedly operatod 
l>y a wearatile device ftar sellbig a Bnked operation; 



wherein each of tfie appiiBiices 
essary operation dato of 
through tlM netwoilc end 
operation tharsof to be Mad to 



another appllanoe ao 



tora piaaenoeof a person comprto- 



a means of maintaining an ii d tar ma Mon of a 
trsn si nltt i ng condWon of datactlon dato far 
a presence of a person whtah moparation 
datottierso^ 40 
a meens of oontrolUng e transmission of the 
operation far mnftuM ng the detectton dato 
for the presence of the person by B prede- 
termined program, and tr anam ltt in y the 
conlraOed operation dato thereof In aooord- *9 
anca with Iha h ifa m mii un of the transmit 
ting condMon maintained by said maens of 
mabitBlnlng die Infarmatton of the transmtt* 



a maana of imismnng demand dato tor 
Mtttng Vto Infaiiiialion of ttto baiisiiiitttng 
oorMfllton far liaiuuiiUbig demand dato tar 
setting the Intannatfon of tha transmltttng 
condHon to the epplanoee indu^ said 
Senear tar the presence of the person, end 
Betting the Uifaniiatiun of the t iansi i rftU nM 
condition in setting the networt and intro- 
ducing another applanoe thereto; end 
a meaito of tranamitling demand dato far 
setting the reospdon of the opentfion dato 
far tranamitttog tha Intormation of the re- 
caiving oondMon of die operation dato to 
the appOanoaa inotoding said air eondVon- 
er, and raosMng and setting the operation 
dato to eeOtog 0» natworii and intadudno 



a meam of setting the 



lof tha 
IbysaU 

meana of matolaMng the irdbrntaflon of ttia 
tia ns m lU fc ig oondHten in aocordanca wWi 
p r ed e termi i ied demand dato tor aad h mtti a 
in ta n i iatl uii of tha t ra n ai i i it lim 
cehwd tteough toe networft; 



A conM networic systom of an appllBnoa compfto* 
^ a pfarallfy of household etodrto eppUencee in- 
cluding en BircondltonBr end an etocbfa power sen- 
sor, which are oonnectad through a network and are 
set BO ae to be IkilGedly operatod tiy a waarabto de- 
vice far setting e Rniced operation; 

wherein each of the appHances recetves neo- 
sssaiy ivai M iiun dato of another app lan oe 
throu^ the network and controto an effidenl 
operrtton thersof to bo linkad to tha recalvad 



a maana of maintaMng an intermalton of a 
transmWing oondWon of datectfon dato far 
an etocMe power wWch are oparaitoni 



a maenaof oonboMng abviBmlsstanof ttw 
operation tar oonboOing tfto datocdon < 
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tar the etecbic power by a prodetennined 
program, and transmitting the contrailad 
operation data thereof tn ecoortenoe wtth 
the l i Ubii na Uuii of the tr a i tm im i ng oond^ 
tton maJntalned by said means of maintBCn- 
tng the l iitaima U un of the t ia ii euMtth i y cor*- 
ditkm; and 

a masns of setting the intDrmaflon of the 
transmitting condMon mainCBined tiy said 
means of malnlaining the infomiatton of the 
tvansmMdng condition In aooontence with 
pradetetntoed demand data for tettlny the 
intonnaflon of the tranvniltbiQ oondMan 1^ 
cehfsd thiDugh the netiaorlc 

said atf conditioner comp ri sing. 



18 



a means of settng a reoepdon of the < 
ation data lor iBoaMng the detection data 
for the electric power tra n sm i tted finom the » 
elecMc pMvar sensor In accordance w«h 
the demand data for setting a method of the 
receiving condMon received through the 
netwoiK and setting a necessary stofi^ 
ofthadatacdondateforthealaclrtepoMer 2S 
in a oonesponding memory thereto: and 
a means of oontraCHng a Onfeed operation 
for contrafing an operation of ttM air con- 
ditioner ki e c cot dance with the detection 
data forlheelectrtc power received and set « 
tiy ttw means of setting Itie reception of «!• 



device for aelling a tiniwi opei^ 



I of transmtttfng < 
setting the Inform a tion of die transmttttng 
condtion for transmitting demand data Ibr 
aettftHI the Infomnatlon of the transmitting 40 
condtion to ttm appliances indiafing said 
electric power sensor, and setting the Infor- 
mation of the transmitttng conation in sal- 
ting ttw networtc and introducing anodwr 

Bfeto; and 49 
k cf ttansmftling demand data for 
setting t he lec eptfon of ttie operation dan 
for transmitting the Infoniiallon of ttw 
ceiving condHlon of ttie operation dMa to 
ttie nppllinceo Indudbig said ^oomfltlon- so 



aration data of another appliance ftom t 
troller and ulSze the op erat ion data for control- 
ling an effldsnt operation ttiereoft 
eachof saidi 



a means of mahfittfnlng an (ntonnatlon of a 
trarisiiilting oondttion of operation data Irn 
dudlng at least one of an electric power 
consumption and an alectrtc outrent corw 
sumption thereof^ 

a means of controlbig the opei ptlon data 
Indudfog at foaat one of the electric power 
consumption and tite eleclrtc currant oon- 
sumptton ttietaof by a pradelBfn*iad pro- 



a m e a ns cf co n buMiiB ttm Wtaimalton of 
Itie bmsmBttfiB oomfltton tar raoeMrig n 
demand for transTdttbiB tha Infofmatlon of 
ttie ttansmttttng oondMon indudbig at least 
orie of ttieelaclric power Qonsumpltan and 
the slecbio cunent oonaumption liy 1 



informaflon of tfie bansjiiittbio condition 
malntsined by said meana of mabitabibig 
the l nfo i nMlkin of the t ra na re att ng oond^ 
tton In response tharaloc 
a meana of oontrolBng a transmission of ttie 
operetion data for t iaiisi ii iU ii ni ttie opera- 
tion data InduAng at least one of ttie eleo- 
trio power consumption and ttte efecbto 
cunent oonsumptton ttwraof conbottad by 
said means of contrafifog ttw operation d»- 
fei acoonianoe with ttie iidbfmatian of the 
banamMfeig condMon mabitalnad by said 
meanacf m a lntain i m tt ie h ifoi i iialiu n of the 



data toi aatting ttw netwoflc and inbodudno 
anottier appliance ttiarateL 

A control networic system of an appllanoeoonipria- » 
ing a conboler and a pfuraRly of 1 
nected ttVDugh a networic 



• means of ( 

I tar eonboflbig at leaat one of 
' power co nsu mption and ttw 
electric currant consumption h eooon^ 
anoe wttti a oonbol by said conboler 

said controller comprising: 

o meana of oontroSng ttie I nfarm atton of 
ttie bansmftttng oonditton for demanding a 
b a i Mnteai uii of ttie data maintafoed by 
said maens of malntalnino ttie Mtarmatton 
of ttie t wnan il tthiy oondMon firom said 
meana of oonboMng ttie Intannaflon of ttie 
b a n siiittluytui O Mun ofeechofaaidappll- 
anoee. rsceMng the h ifoi i i iaU un of ttie 



each of ttie appOancae bi reaponae ttieralo. 
setting e control nam In ttie Inttonnation of 



a settbig of ttie bifennatfon of ttie banamil- 
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tin9 caonditton ol a oontral Itwn wtMn Itw 
foimstlon of tho traRsmittlnQ condition 
does not Indud* the neooswy conM 
item inciudbiQ at least one of me etocMe 
power oonsumptfon end the elecMo cui^ 9 
rent oonaumptkm; 

a maene of eoqufelng ttM operaflon date for 
acquirtng the operation data when the fev 
formation of the transmttlng oond Mu n of 
each of said ap p Ha m aa leoaived by aaM «o 
meane of conMUng the biftinnadon of 0ie 
transmitting con dWton Mudee the opera- 
tion dote Inchidlne at least one of the eleo* 
trie power ooneumpdon and the eiecMo 
cuffnudconeufiiplionof the appflance* and 
denwiiyflimatransit ili ilD n oif ttiaoperallDn 
data from an a ppllanoe to aoqufre the op- 
Bration date when the Mbfnutton of tha 
transmitting oondttlon of each of said appO- 
ancas r ec eived tiy seM meens of oontral- » 
ling the bdtarrnatlon of the nnsmlttlng oon* 
dttion doee not Include the operation date 
including at least one of dw eledrie pa«ier 
consumption end the electric current oon> 
sumpllon of the appUanoa; and as 
B meens of oontroOlngs total eiectrtc power 
oortsumptlon for oontrollng so tfiat et ieest 
one of a total elecMc power oonsunnption 
and e total oiectrio current consumption of 
the pluretty of eppOanoae con n ected J» 
through the neHsorti does not sunMse • 
predeCannined vahie In eooofdanoe w8h 
the operation dsli acquired by aaM meane 
(rf acquiring the opefSBtfen data. 

JS 

A control netsrorli system of an appiianoe oomprls* 
ing a pfciraltty of appfianoee which era connected 
through e netwoffc and era set eo as to be Unfcediy 
operated by a wearaWe davloe tor selling e Bnked 
operation; 40 

wtiersin each of the applianoes recelvee oper- 
ation data of another appltanoe through the nel> 
wortc and controls sn efficient operation thereof 
to be OnJced to the received operation data; « 
each of said appBanoee compr ising: 

a mesne of melntalning en bifermalion of a 
transmttlng oondllon cf operation data In- 
cluding alleest one of an etoolrfe power 90 
consumption end an etodrto cunant oon- 
sumption ttiereolt 

a means ofoonlroinng a transmission of the 
operatton deta tor oontroOng the operation 
data Muding at Ieest one of the sleclric «8 
power oormimptton and the uletlilu cur- 
rent consumption thereof by a predeter- 
mined program, and transmltlkig ttie oper- 



ation data thereof In actof dan oo with the 
Infarmaflon of the transmitting condHlon 
matntained liy said meena of maintaining 
the intormattan of ttie UanamiBifig condi- 
tion; 

a meens of setting the intormation of the 
transmitting cond Ri un Indudlng at least 
one of the electric power consumption and 
the electric current ooneumpdon main- 
tained by seid meens of maintBlnkig tfie in- 
formafion of llw transmttUng condltton In 
accor d ance with predetermined demand 
data tor setting ttie Intormation of tt)e tran^ 
milling oondtton reoerved through the ne^ 
wortc 

a means of salting a reception of ttie opei^ 
anon oaai air laoaivsig ma operation oan 
Inctodtog at laart one of ttia etoGbte power 
oo ns umpflun sral the elecMo ouneni oor^ 
sumptfon bansmHtad ftom anotfiar appl^ 
anoe In ecoordanoe wih ttie demand data 
for eetttng the Information of the receiving 
condition raoelved through ttie netsMMlc* 
and setting e necessary storage of ttie op- 
eration data ki a corresponding memory 
thereto; end 

a mearw of oontrollng a (Mosd QpersHon 
foruonliullngsns fW ei en toperattonttiereof 
in ecoordanoe with the operation data of 
anottwr appliance received and aet by ttie 
meensof eetttngttiafa o e p tlonof theope r 
atfondatiC 

said waarabto devloa tor satttrv a IMnd opai^ 
atlon oomprising: 

a means of iranamMng demand data for 
B wiwui ma anormaoon or ma tranin suing 
condltton tor bansmtting pradalwmlnad 
demend data for eelling Itia MoiiiiaUun of 
the tt a i m i iittlng condltton Indudbig at Ieest 
one of ttie e l ectri c powsrc onsu mptton and 
the etocMc current consumption to eech of 
Oie appUancee. and setttng ttw Intormation 
cf the bansmittng con dM on in sstting ttie 
netwcrlcend Introducing snottiereppllanoe 
ttieretoc end 

a means of trsnsmttttng demend data for 
setting ttie Mormatton of ttwrsceMng oon- 
(fltlon ofthe opersllon data tor transmMtog 
demand data tor satflhg the reoepHon of 
ttie o p e rat ion data Indudtog at leaat one of 
ttia etodrto poeair con s u mption and lha 
elacMB owent oonsuniptlon to each of ttia 
appllanoee, end leoeMng end setttog ttia 
operatfon data In setting ttw netwom and 
inbodudng arwKhar aj^jllaiioa ttiarata. 
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10. A oorrtrd network system of an apptenoe auuonfing 
to any one of Ctafens 1 to 9, 

wherein an operation of at lean one of sokS p(i»- 
rality of applanoae connected through the nel- a 
woft can be dbecOy oontroied by 8 user wWi a 
convnon remote contruBei, and 
said c un ti u l e f or said means of contrening ■ 
finked opecaflon Is provided tar said lemole 



11- AoonboinehMiNlisystefliof ani 

to Clslm 10, wheiein said remofta oontreUsr oom- 
prtses a means oT dteplaylng ■ warning of « <flBOfdsr 
when the disofdarls caused such that at least one » 
of a loAal ele<4ilc powef co ns u m ption and a toM 
elecMc current of the plurall^ of appflanoas sur- 
passes a limitad value due to an operation of anoth- 
er app ttan ce by the user. 

12. A control nelwofic system of an appllanoe according 
toanyoneof Claima 1 to 9. wherein a remoto oorv 
trolsr o# at least one of said plurallt/of appfianoes 
oonnscted through the network comprlsss e meens 
of dlsplayfnge warning of a diaordsr when the die- » 
ordsr is caused such that at leaat orw of a tottf elec- 
Wc power co nsu mption and a electrfccuneflt of toe 
phirsUly of sppOsncea surpasses a Umlled value 
due to an operation of another appliance by e uaer. 
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Abstract 

The BLUEPAC (BlVEtootk Fubiic ACcm) coneq^ 
presented at LCN 1999 were ideas Jbr enabling mobile 
Bluetooth devices to access local area networks in public 
areas, such as airports, train stations and super-markets. 
The proposed protocols stqfport mobility on OSI layer 3. 
This paper concentrates on the necessary layer 2 protocol 
concepts for supporting mobility and handoffs between 
different access points. Furthermore,, we present the neC" 
essary adaptations far allowing IF datagrams to be ex- 
changed between the mobile Bluetooth devices and access 
points. The BLUEFAC protocol concepts Ptave been im* 
plemented above a Bluetooth emulation system to test 
their feasibility. First results clearly showed the impor- 
tance of minimizing the handoff duration to allow efficient 
operation of upper layer protocols such as TCP. 

1. Introduction 

In recent years, mobile communication has moved into 
the center of interest of many people. With the current 
development of mobile devices, making them smaller and 
more affordable for a wide range of end users, the use of 
celhikr phones and messaging systems show a tremen- 
dous growth in popularity. Due to diis overwhehning 
success of personal mobile communication, wireless 
technologies are more and more accessible for the area of 
mobile computing. Today, a large and ever increasing 
nimiber of mobile computera and Personal Digital Assis- 
tants (PDA) are able to exchange data and to synchronize 
with other computing devices across wireless links. 



For short range wireless communication, a large set of 
proprietary solutions already exists. However, incompati- 
bility of these technologies often limits interoperability 
between devices of different classes or different manu- 
fecturers. To overcome this situation the Bluetooth short 
range radio standard is on its way to provide vendor inde- 
pendent wireless communication at low cost This cheap 
but powerfiil technology will be available in a wide range 
of mobile devices. Thus, Ihere will be an increasing de- 
mand to access IP based local computer networks to profit 
from locally available services as well as globally availr 
able services and information distributed by the LntemeL 
One can imagine these accessible netwoiks in home, 
office or public environments. This paper concentrates on 
public access environments, which we call BLUEPAC 
areas. In a BLUEPAC area, mobile Bluetooth devices 
should be able to move between different access points 
while still being addressable via the same IP address. 
Protocol concepts addressing this problem have already 
been presented in [1]. While die LCN 1999 presentation 
concentrated on Aiobility aspects on OSI layer 3, the pres- 
ent paper additionally considers layer 2 mobility. 

The paper is structured as follows. Section 2 gives a 
short summary of the Bluetooth technology. In Section 3, 
public access scenarios are presented, which are then 
combined to form a refierence network architecture. Then, 
the layer 3 protocols required for supporting mobility in 
BLUEPAC networks are summarized. Section 4 presoits 
the IP Adaptation Layer which allows the exchange of IP 
datagrams between a Bluetooth device and an access 
point Additionally, the handoff performance is discussed. 
Section S presents the Bluetooth emulation system which 
was used to test die feasibility of die BLUEPAC protocol 
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concepts. Finally, section 6 presents our conclusions and 
describes iUtuie woffc. 

2. Blvetooth overview 

Bluetooth [2, 3] is a low-cost, low-powo' wireless 
networking technology designed to operate in a person's 
operating space, i.e. the space around a person that typi- 
cally extends up to 10 meters in all directions. The Bhie- 
tDOth radio transmission uses a slotted protocol with a 
FHSS (Freciuency Hoiking Spread Spectnim) technique 
in the globaJly available unlicensed 2.4 GHz ISM (Indus- 
trial, Scientific and Medical) band. The hop frequency is 
up to 1600 hops per second, the frequency spectnun is 
divided into 79 channels (or 23 in some countries) of 1 
MHz bandwidth each. Ilie fiequency hopping scheme is 
combined widi fiut ARQ (Automatic Repeat Request), 
CRC (Cyclic Redundancy Check) and FEC (Forward 
Error Correction) to achieve appropriate reliability on the 
wireless link. Each device is identified by a globally 
unique 48-bit address derived from the IEEE 802 stan- 
dard. 

Conununication between Bluetooth devices follows a 
strict master-slave scheme, i.e. there is no way for slave 
devices to communicate directly with each odier. A de* 
vice acting as master can have up to 7 active slaves con- 
nected. Master and slaves form a so-called piconet, in 
which die master defines the timing and the hop pattem. 
The slaves have to stay synchronized Co the master while 
participating in die piconet 
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Figure 1: Time division duplex access scheme 

Between master-slave pairs, both Synchronous Con- 
nection Oriented (SCO) links (typically used for voice) 
and an Asynchronous Connectionless link (ACL) are 
supported. For ACL links. Time Division Duplex (TDD) 
is used to control access to the slots that are not already 
reserved for SCO connections: The master may begin to 
send a packet in even numbered slots only. The slave 
addressed by this packet is the only device allowed to 
send in the odd numbered slot following the master's 
packets. To always keep up the alternation between even 
and odd slots, packets must occupy an odd number of 
slots. Consequently, Bluetooth defines different packet 



types widi a length of 1, 3, or 5 slots. An example for the 
TDD medium access control is depicted in Figure 1. The 
piconet master sends a three slot packet to die second of 
its two slaves in the slots 0 to 2. The addressed slave may 
respond in die subsequent slot 3. In most cases, it will 
respond at least with a packet that, acknowledges the 
master's transmission. In our example, die packet sent by 
the second slave occupies only one slot and die master is 
free to address slave 1 in slot 4. If the master does not use 
its tnmsmission right like in slot 6, no slave is allowed to 
send in die subsequent odd numbered slot 

2.1. Finding and connecting to devices 

As Bluetooth devices need to be synchronized while 
participating in a piconet, a procedure is required to es- 
tablish the synchrcmization of two devices. This procedure 
is called >q^g and requires the device address of the 
device to connect to. If the device address is not known, 
an inquir y procedure is needed first to retrieve the ad- 
dress: 

Any device that wants to accept connection attempts 
from a master periodically scans on one frequency out of 
a cycle tfiat consists of 32 frequencies used for diis pur- 
pose. These 32 frequencies depend on the device address 
of the particular device. The frequency used for a par« 
ticular page scan depends on the internal clock of the 
device and changes every 1^8 seconds. Typically, the 
scan duration is 18 slots (the page scan window) and 
scans are separated by 1.28 seconds Cdie page scan inter- 
val).. 

A master that wants to connect to a slave with a known 
device address tries to hit the scan window of the slave by 
sending packets with the right frequency and access code. 
In most cases, die master will have a clock estimate for 
the slave device. Thus» die master is able to' compute an 
estimate of the slave's scan frequent from the slave's 
device address and its dock estimate. To tolerate timing 
inaccuracies, the master does not use ttiis frequency alone 
to reach the slave. Instead, it repeats sending a page train 
that consists of 16 frequencies situated around the esti- 
mated frequency. As the master does not know exacdy 
vfhen the slave schedules its page scan window, die page 
train has to be repeated for at least die duration of one 
page scan interval. If no response from the slave is re- 
ceived within this period, die master's clock estimate may 
have been too inaccurate to hit die scan frequency of the 
paged slave. Consequendy, the master repeats another 
page train that consists of the remaining 16 frequencies 
out of the 32 paging frequencies of die slave. The master 
will alternate between the two page train repetitions until 
it connects to the paged device or a timeout occurs. 

if the paged slave receives a packet from the master's 
page train during its page scan window, the timing of this 
packet is sufficient to achieve a coarse synchronization 
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befween the two devices. Using this synchxDnizaCioii, tfie 
master sends a Frequency Hop Syncfaronization (FHS) 
packet to the slave, which allows tte slave to properly 
synchronize with the master. 

During connection setup, the paged device joins the pi* 
conet of the paging master as a slave. However, there are 
scenarios, where it is desirable that a paging device joins, 
as a slave, the piconet of the paged device. In this situa- 
tion, a master/slave-switch should be initiated after con- 
nection setup, which passes tfie responsibility for a par- 
ticular Baseband connection to the slave, transfenrlng the 
former master into the paged device's picon^ 

Bluetooth defines another procedure called inquiry that 
enables a device to discover which other devices are in 
range and to retrieve their device addresses and internal 
clock settings. For this purpose, each device that wants to 
be detectable periodically scans on one out of 32 inquiiy 
frequencies, just like in tiw page scan mode already de- 
scribed. In contrast to the page scan frequencies, the fre- 
quencies used for inquiry do not depend oa the address of 
the scanning device. In analogy to the pagmg, tite device 
performing the inquiry will alternate between two page 
train repetitions containing 16 out of tfie 32 frequencies 
each. During these rqietitions, it will collect incommg 
FHS packets fiom devices in range. 

These FHS packets are sent if a device receives a 
packet of an mquiiy train during its inqutiy scan window. 
However, the responses are delayed by a random backoff 
time in order to reduce the probability of collisions ^ two 
or more devices scan on ttie same frequency. Addition- 
ally, the device may be configured to respond to inquiries 
for special devices only. If so, it scans for special access 
codes (DlACs - Dedicated Inquiry Access Codes) instead 
of scanning for the access code used during inquiry far all 
devices (CIAC - General Inquiry Access Code). Tbus^ a 
device that wants to restrict its inquiiy to devices of a 
ceitain class (e.g. Base Stations), will use a DIAC re- 
served for diis class during its page train repetitions. 

After the inquiry procedure has been completed, a 
connection to one of the devices found may be established 
using the clock information learned during Ae inquiry 
procedure for paging. 

2.2. Bluetooth protocol stack 

This section gives a brief overview of the Bluetooth 
protocol stack, which is depicted in Figure 2. The Radio 
layer defines the physical characteristics of the RF link. 
The functionality of the Baseband layer has already been 
described at the beginning of section 2 and includes the 
TDD MAC, definition of SCO and ACL link, packet 
types, automatic retransmission, forward error correction 
and enciyption. 

The Link Manager Protocol (LMP) is responsible for 
managing link-setup and configuration of Bluetoo^ de- 



vices. Ihis includes tasks such as master/slave-awitches, 
control of power modes, managing authentication and 
enciyption, etc. The Logical Link Control and Adaptation 
Protocol (L2CAP) provides connection-oriented md con- 
nectionless datagram services to tqjper l^er protocols, 
including segmentation and reassembly (SAR) and proto- 
col muhiplcKsng. The RFCOMM protocol emulates a 
serial line to allow legacy applications or protocols to 
work over Bluetooth with no or little adaptation. 
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Rgure 2: Bluetooth protocol stack 

The Point-to-Point protocol (PPP. [4]) is an example of 
such a protocoL As most operating systems are able to do 
netwoiking using PPP over a dialup connection or a null 
modem cable, using PPP over RFCOMM is the easiest 
way to incorporate support for TCP/IP or odier networic 
protocols into die Bhietootfa protocol stack. In &ct, dxis is 
the way Bhietooth LAN access is currently specified in 
[2], although more efficient solutions like running TCPAP 
directly on top of L2CAP are possible. With BLUEPAC, 
we propose such a solution, which has the additional 
benefit of being able to support roaming devices. 

3. Prtor work on BLUEFAC 

In this section, we describe the wotk diat already has 
been done in the past for BLUEPAC networics. After 
giving an overview of the typical public access scenarios, 
a reference network architecture is presented which meets 
the requirements of all diese scenarios. Finally, we de- 
scribe the protocol concepts for supporting mobility. 

3.1. Scenarios 

The BLUEPAC protocol concepts cover all scenarios 
where a user with a Bluetooth device wants to get access 
to data and/or communication services within a public 
area. Examples for such scenarios are among odiers, su- 
per-markets, railway stations and airports. The available 
services in such a public area may vaiy firom simple local 
information services (e.g. special offers in a siq>er-market. 
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timetables at a railway station, ...} to services using a 
Gateway to access wide area networks (e.g. Internet, IP- 
telephony, ...)• 

A possible way to categprize public access scenarios is 
by dividing tiiem into scenarios with low user mobility 
and scenarios with high user mobility. The scenarios with 
low user mobili^ include situations such as in a train or 
airplane, whereas scenarios with high user mobility may 
be imagined in train stations .or super-markets. When 
considering the structure of the network architecture, it is 
more difficult to achieve acceptable performance in an 
area with high user mobility, in comparison to areas with 
low user mobility, cf. section 4 J2. 

3^. Reference network architecture 

The reference network architecture combines ail of the 
public access scenarios given in the previous subsection. 
It is a general network architecture which is valid for all 
BLUEPAC scenarios. 




Figure 3: BLUEPAC reference network with 
functional elements 



This architecture is depicted in Figure 3 and its ele- 
ments are described in the following. The BLUEPAC area 
network is the fimdamental part of the network, whidi is 
accessed by tiie mobile Bluetooth nodes. In most cases the 
BLUEPAC area network is a wired network. JDie — 
BLUEPAC B ase Statio ns a re the am?sa,p"intg. The mo-^ 
bile Bhietoodi nodes use these Base Stations to gain ac-^' 
cess to the BLUEPAC areshBPtwgrkJ Thus, a Base Station 
consists of a wired network interface and at least one 
Bhietooth transceiver (BT). The BLUEPAC Gateway may 
connect the BLUEPAC area network with a public net- 
work (e.g Internet) providing access to global informa- 
tion senrices. The BLUEPAC Agent co-ordinates ttie 
communication with arriving mobile nodes. This includes 
tasks such as die assignment of IP addresses. Location- 



based information services may be provided by an Appii' 
cation Server connected to the BLUEPAC Gateway. 
Finally, the Cellular JP (OP) Routers play an important 
role in BLUEPAC networks. They are responsible for the 
routing to and torn mobile nodes. They also allow mobile 
devices to move between different Base Stations while 
keeping existing higher layer comiections alive. 

3 J. Mobility anpport 

In most BLUEPAC scenarios, the Bluetooth devices 
accessing the network will be in motion. A layer 3 solu* 
tion for offering mobility support in BLUEPAC networks 
by adapting Mobile IP and Celhilar IP has been presented 
in [I] and diall only be summarized here. The layer 2 
requirements for supporting mobility in BLUEPAC net- 
works are presented in the subsequent section. 

Cellular IP (cf. [5]} is a protocol that allows routing of 
regular IP datagrams to moving mobile hosts in local 
networics. It introduces functionality for fast route updates 
enabling mobile devices to change their point of attach- 
ment frequently. The conunon IP routing technique which 
employs subnet masks assumes its network nodes to be 
statically attached to the network. Fast changes between 
different Base Stations would result in severe routing 
problems and the need of using an IP address dependent 
on the subnet die mobile Bluetooth device is connected to. 

The Cellular IP protocol has to run on mobile Blue- 
tootfi devices, the Base Stations, the Routers between 
Base Stations and Gateway, and the Gateway. The Cellu- 
lar IP protocol notices all IP datagrams sent by die mobile 
device, and maps its source IP address to the interface the 
datagram was received from. This mapping is stored in a 
cache. Hence, datagrams addressed to this IP address may 
dien be forwarded by looking up which interfoce leads to 
the mobile device. 

If the mobile device does not have anything to seiul for 
some time, then it has to send control packets to refresh 
tlie cache entries in foe nodes. For scalability reasons and 
performance reasons two different caches are used — the 
routa cache and the paging cache. The route cache entries 
tell the location of active mobile devices, whereas the 
paging cache stores the location of inactive devices. En* 
tries in ttie route cache have oidy a veiy short lifetime, 
whereas entries in the paging cache exist longer before 
they are erased from the cache. 

Cellular IP solves foe micro mobility problem within 
BLUEPAC networics. However, in some cases macro 
mobility may be required. For this purpose. Mobile IP (cf. 
[6]) may be applied. If a mobile Bluetooth device wants 
to use Mobile IP in a BLUEPAC network, it needs a 
home network with a home agent Furthermore, Mobile 
IP's Foreig^ Agent has to be located at foe Cellular IP 
Gateway, as described in [5]. 
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3.4. Auto-configaratioa of mobile devices 

BLUEPAC netwoiks are public access networica that 
should offer unconstrained access for all kinds of mobile 
Bluetooth devices. Several cases have to be considered: 
One case is that a Bhietooth device entering a BLUEPAC 
netwoiic has its own IP address and wants to use this ad- 
dress^in the BLUEPAC network. If the BLUEPAC net- 
woik supports Mobile IP. the mobile Bluetooth device 
may want to cotuact its home agent to maintain accessi- 
bility with its own IP address. A different case is that a 
mobile Bluetooth device does not have its own IP address 
and rBcpiiics the assignment of such an address. Conso- 
quently. s mechsnlsm is needed which allocates an IP 
address and assigns this to the associated device. As Cel* 
hilar IP routing does not require IP addresses to contain 
location dependent informotfon such as subnet addresses, 
there are no constraints for die IP addresses to be as- 
signed, except diat they must be assigned unt<iuely within 
die BLUEPAC area netwoiic Moreover, a mechanism is 
needed which {novides these entities with information 
relevant for the connection to the BLUEPAC networic. 
like Domain Name Server, Proxy Server, Mail Server and 

lli8Pyn9in|P.Host Cof^gm is 
well suited to accomplQi this task, as it is ^le to dy- 
namically assign addresses to hosts and ensure unique 
addresses. Furdiermore, it may grant addresses only for a 
limited duration in order to reuse addresses of mobile 
nodes that left the network without, releasing their ad- . ^ 
dresses. Apart &om address assignment, DHCP may be 
used to transport other configuration parameters like the 
ones mentioned above, as well. 

Downstream routing of datagrams performed by Cel- 
lular IP is only based on IP source addresses from up- 
stream packets. This raises a chicken/egg issue when 
trying to use Cellular IP with IP address auto- 
configuration. A mobile node is not able to install a valid 
path pointing to the device without having a valid IP 
address, but without a valid path the DHCP server is not 
able to reach the mobile device to assign an IP address to 
it. One could use the link layer-address of a mobile node 
to deliver packets that assign IP addresses, but these are 
only known on die last liidc, i.e. the Bhietoodi link. How- 
ever, DHCP servers can not simply be placed on each 
Base Statkm, since mobile nodes should retain their as- 
signed address independently from their current Base 
Stadon. Thus, central coordination is required to ensure 
unique addresses in the ^ole network. 

Fortunately, the Bootstrap Protocol ([7], [8]), the pro- 
tocol on which DHCP is based, allows the use of BOOTP 
relays, which forwards all BOOTP or DHCP messages to 
a server. Using relays, it is easy to avoid assigning dupli- 
cate addresses by installing a central DHCP server in a 
BLUEPAC Area (see Figure 4). 




Figure 4: DHCP lease renewal 

The Base Stations act .93 PHCP_relayv and do not per- 
form any reaTDHCP' transactions; dii^ just relay DHCP 
messages between mobile nodes and the DHCP server 
installed on the BLUEPAC Agent As abeady mentionedp 
address leases obtained from the DHCP server have a 
limited duration. If a mobile node wants to retain its as- 
signed IP address, it will have to renew its lease before it 
times out This can be done using any relay, since dse 
central DHCP server manages the old lease and will send 
the response to the proper relay. 

4. HandofT support 

This section describes and evaluates the h^er 2 con- 
cepts which are required to support mobility of Bluetooth 
devices in a BLUEPAC network. We focus on the IP 
Adaptation Layer which is inserted between IP and 
L2CAP to provide a suitable data link layer by hiding 
Bluetooth specific details from IP. 

4. 1* IP AflapCatlon Layer 

In most BLUEPAC scenarios, mobili^ must be taken 
care of. Thus, our protocol concepts focus on enabling 
Bluetoodi devices to migrate between different Base Sta- 
tions while maintaining existing connections to hosts 
within or outside of die BLUEPAC network. The layer 3 
protocols necessary fr>r supporting this feature have al- 
ready been presented in [I] and sununarized in die previ- 
ous section. Now, we study the requirements for si^port- 
ing handof& on layer 2. llie Bhietooth piconet design is 
disctissed and the IP Adqitation Layer is presented which 
is needed for die exchange of IP datagrams between a 
mobile Bluetooth device and an access point such as a 
Base Station in a BLUEPAC network. 

There are two frmdamental approaches to die basic pi- 
conet design in a BLUEPAC network. Firstly, the Base 
Station may act as a Bluetooth slave and the mobile Blu- 
etooth devices are die masters. Hence, each mobile device 
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establishes an own piconet with the Base Station as slave. 
This approach is shown in die right half of Figure 5. The 
advantage of diis design is that approaching mobile de- 
vices wishing to find a new Base Station simply have to 
start an inquiry procedure and page procedure. The in- 
quiry procedure is necessaiy for finding the Bluetooth 
device address of the Base Station, after which the mobile 
device can use the page procedure for a definite connec- 
tion to the Base Station. Therefore, the Base Station has to 
periodically enter the page scan and inquiry scan modes 
to respond to approaching mobile devices. Howevo', the 
disadvantage of this piconet design is that the Base Sta- 
tion has to take part simultaneously in several piconets. 
Thus, a Time-Division-Multiplexing scheme has to be 
applied by the Base Station in order to be addressable in 
all of the piconets. These time consuming switches among 
the different unsynchronized mobile device's piconets 
result in considerable performance degradations. 

In the second piconet design approach, the Base Sta- 
tion acts as the master and the connected mobile Blue- 
tooth devices are slaves of the Base Station's piconeL An 
example is shown in the left half of Figure 5. As Blue- 
tooth slaves are only allowed to send after being ad- 
dressed by the master, diis approach allows the Base 
Station to control the medium access and the amount of 
data sent by the mobile devices. 




Figure 5: Comparison of a Base Station acting as 
master and as slave 

A Bluetooth piconet is restricted to a maximum of 
seven active slaves which is a serious limitation for 
BLUEPAC networks. This m^ be avoided by connecting 
several Bluetooth transceivers with overlapping range to 
the Base Station. Each added transceiver enables the Base 
Station to create an additional piconet with up to seven 
slaves. 

The main disadvantage of tfiis piconet design with 
Base Stations acting as masters is that mobile Bluetooth 
devices wanting to connect to the BLUEPAC network 
have to wait for the master, i.e. the Base Station, to initi- 
ate an inquiry and page procedure. These procedures take 
a substantial amount of time and during this time none of 
the already connected devices is able to send or receive 
any data via (he Base Station. To prevent this from hap- 
pening and to gain from the advantages of both piconet 
designs, a combination of both approaches is suggested 



for using in BLUEPAC networks. This approach is pre- 
sented in the following. 

The Base Station acts as master and can have up to 
seven Bluetooth devices as slaves with each installed 
Bluetooth transceiver. New approaching jhietpqgi - 
vices use the inguirY procedure mj a dgdigatyTSi^ifry 
access code for Base Stations to detect the Bluetooth 
device address of one of the Base Statiqii's Bluetooth 
transceivers. For the definite connection to the Base Sta- 
tion, the mobile device uses the received device address in 
the paging procedure. Thus, the Base Station has to peri- 
odically enter inquiry scan mode and page scan mode to 
respond to approaching mobile devices. After connecting 
to the Base Station, the mobile device is master and the 
Base Station is a slave in the mobile device's piconet At 
the same time the Base Station is the master of the piconet 
with previoiisly connected Bluetooth devices. Now, a 
master/slave-switch occurs directly after the mobile de- 
vice connects to the Base Station. Hence, the new Blue- 
tooth device is added to the existing piconet as a slave. 

As it is likely that connected Bluetooth devices are 
mobile, it is possible for them to leave the range of the 
Base Station they are connected to and enter the range of 
a new Base Station. Here, methods are necessacy for de- 
tecting the loss of connectivity to the first Base Station. 
As soon as the loss of connectivity is detected, a connec* 
tion to die next available Base Station must be estab- 
lished. The Bluetooth LAN access profile defined in [2] 
may offer means for IP access to local area networks. 
However,' it lacks the mobility described above and can 
not be acbpted easily to the BLUEPAC protocol concepts. 
To abolish this deficiency, the following introduces die IP 
Adaptation Layer whidi is inserted between IP and 
L2CAP. For upper layer protocols, the IP Adaptation 
Layer behaves like a network interface, which is able to 
receive and send IP datagrams. Hiding Bluetooth specific 
details firom upper layer protocols, the IP Adaptation 
Layer uses L2CAP and accesses the Bluetooth link layer 
directly by means of the LMP. 

When comparing the IP Adaptation Layer cm the mo- 
bile device and on the Base Station, they differ in some 
aspects. In the following, both versions of the IP Adapta* 
tion Layer are presented. 

IP Adaptation Layer for mobile devices 

The state machine of the IP Adaptation Layer for mo- 
bile devices has dtree major states: Discovery^ ConfigurO'' 
Hon and Connected, These three states and the corre- 
sponding transitions are depicted in Figure 6. 

The mobile Bluetooth device is in the Disccfvery state 
after its initial start-up. The task of Hcua Discovery state is 
to find die nearest Base Station. 

In general, the mobile device does not know anything 
about available Base Stations. Therefore, the inquiry 
procedure has to be initiated to find an available Base 
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Station within range. For this, a dedicated inquiiy access 
code should be reserved to guarantee that only Bluetooth 
device addresses from Base Stations are obtained. Tlie 
inquiiy procedure may terminate as soon as the first Base 
Station is found. If no Base Station is Ibund. the inquiry 
procedure needs to be repeated. 




Figure 6: State machine fdr the IP Adaptation 
Layer fbr mobile devlcee 

After a Base Station's Bhietooth device address has 
been provided to the mobile device, the IP Adaptation 
Layer initiates a page procedure in order to establish a 
connection to this Base Station. Subsequently, the state 
machine of the IP Adaptation Layer changes to die state 
Cof^guration. 

Here, die first step diac the mobile device has to ex* 
pect. is a master/slave-switch initiated by the Base Sta^ 
tion. The mobile device should then initiate a connection* 
oriented, bi-directional L2CAP channel on the existing 
Baseband connection, vfhich will be used for the actual 
delivery of IP datagrams. 

Before the transmission of IP datag^rama starts, the 
MTU of the L2CAP datagram pi^load has to be n^otl* 
ated. This is done after the connectbn has been estab- 
lished, which is employed by the corresponding L2CAP 
connection request/response signaling messages. The 
Base Station sends a configuration request message con- 
taining die size of the MTU accepted by the Base Station. 
This value must be confirmed by the mobile device in a 
response message. The next step is the negotiation of the 
MTU size accepted by ttie mobile device. For this, the 
mobile device sends a oonfigurBtion request message 
containing tiie MTU size fbr incoming datagrams. For 
simplicity, the value should be equal to the one previously 
suggested by the Base Station. 

As soon as the mobile Blu^ooth device receives a con* 
firmation through the corresponding response message it 
transits to the Connected state. However, if an error oc- 
curs during the configuration, existing Baseband and 
L2CAP connections are released immediately and the 
device returns to the i)i;roovi6P7 state. 

If a mobile device reaches the Connected state for the 
first dme, an IP address assignment may be necessary. 



This may be done by existing network configuration pro- 
tocols such as DHCP (see section 3.4). Additionally, 
devices must be allowed to use their own IP addresses in 
the BLUEPAC network, if Mobile IP is available. This 
aspect has already been addressed in section 33. 

Aiu>ther important job for the IP Adaptation Layer for 
mobile devices is to detect a possible handofTfay broken 
link detectioTL The Bluetooth specification provides the 
Link supervision timer for detecting broken links. The 
timer is set to an initial value and is then reset with every 
received packet If the timer expires, an event is generated 
notifying about the link timeout As the Link stq>ervision 
timer resides on the link layer, it is an ideal mechanism 
for detecting broken links. However, the default value 
specified for the Link supervision timer is 20 seconds. 
This vahie is far too large for efficient handoffii m a 
BLUEPAC network. An appropriate value has to be se- 
lected very carefully. A too smiall value has the effect of 
tearing down a coimection too early and thus wasting time 
for reconnecting with an inquiry and page procedure. A 
too large vahie has the affect that time is wasted by re- 
garding a link as alive, despite being out of range of the 
Base Station. 

IP Adaptation Layer for Base Station 

For Base Stationa, the IP Adaptation Layer is some- 
what simpler dian fbr mobile devices. Its main task is to 
maintain the connections of the coimected mobile Blue- 
tooth devices. The state machine fbr each active cormec- 
tion to a mobile host has two states, the Cof^guration 
state and the Connected stata. The state transition diagram 
is depicted in Figure 7. 





Figure 7: State machine for the IP Adaptation 
Layer for Base Stations 

In order to detect new mobile Bluetooth devices trying 
to connect to die BLUEPAC network, the Base Station 
has to perform periodical page scans and inquiry scans on 
each installed transceiver, unless the maximum number of 
devices for the respective piconet has been reached. If the 
Base Station receives packeta addressed to the dedicated 
incpiiry access code fbr Base Stations while performing 
the inquiry procedure, it should respond and inform the 
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inquiring device about its Bluetooth device address. After 
a new Bas^and connection has been accepted, the IP 
Adaptation layer transits to the state Configyratlofu 

Similar to the IP Adaptation Layer for mobile devices, 
the Configuration state is responsible for configuring the 
established connection to tfte mobile device appropriate 
for the BLUEPAC network. As during normal operation 
die Base Station should be master of each connection it 
maintains, die first step is a master-slave switch. Thus, the 
Base Station is responsible for initiating this mastBr/slave- 
switch directly after accepting a conneGti<m from a slave. 
Subseq;uently, the L2CAP cfaamiel has to be created and 
configured. Hie L2CAP channel configuration is started 
by the Base Station. The ccucial part of die L2CAP con- 
figuration is die negotiation of the MTU size akeady 
described above. After a successful negotiation of the 
L2CAP configuration, die Conifecfecl state is entered. 

For each connected Bhietooth device in the Connected 
state, a Base Station must maintain a dam record of die 
fonn (7, il B>, where / is the connection identifier given 
by L2CAP, ^4 is the IP address of die mobile Bluetooth 
device, and B is its Bluetooth device address. The IP 
address is taken firom die source field of the first non-* 
broadcast and non-multicast I? datagram that is received 
from die mobile Bluetoodi device. The Bluetooth device 
address is known from the pagmg procedure and is used 
to deliver DHCP replies to die proper device prior to the 
IP address assignment 

IP datagrams received by die Base Station and coming, 
from a mobile device, must be passed by the' Base Star 
tion's IP Adaptation Layer to the upper layer, which is 
Cellular IP in case of the BLUEPAC network. The IP 
datagrams received by die Base Station and coming from 
the network, that is to say, die IP datagrams passed down 
from die Cellular IP layer to the IP Adaptation Layer, 
must be forwarded via the corresponding L2CAP charmel 
to die addressed mobile Bluetooth device. The L2CAP 
channel identifier may l>e found by looking up die desti- 
nation IP address in the data records. 

The Base Station must also perform broken link detec- 
tion by using the link supervision timer. As soon as a 
broken link is detected, the Basel>and connection is termi- 
nated and die Base Station immediately de-allocates the 
cocresponding mapping in the data records. In contrast to 
the mobile device, die Base Station diould not attempt to 
reconnect to a lost mobile Blnetoodi device. 

4.2. Analysb of handoff performance 

In our design of BLUEPAC, we only rely on standard 
Bluetooth features like inquiry or paging procedures to 
perfom handofis between Base Stations. As Bluetoodi 
was not designed as a cellular system with &st and seam- 
less handoff, we can not expect the proposed handoff 
procedure to be adequate for applications diat depend on 



hard QoS guarantees such as voice communication. How- 
ever, the duration of link loss must be acceptable for clas- 
sical data communication. In the following, we give an 
estimate of the duration of disconnection caused by a 
handoff. For our analysis, we split the handoff duration 
into three phases: detection of link loss U> the current Base 
Station by the link supervision timer, inquiry for a Base 
Station in range and paging to synchronize with the cho- 
sen Base Station. 

As die mobile node learns alnnit the native Bluetooth 
clock of the upcoming Base Station by receiving an FHS 
packet during inquiry, the subsequent paging will succeed 
with the first page train. Ftutfacnnore. we assume that the 
Base Stations perform page scan immediately after an 
inquiry scan. This is also suggested in [2]. Therefore, we 
do not include the duration of paging in our analysis as 
paging succeeds very quickly after inquiry. 

In our estimation of the inquiiy time, we need to con- 
sider that multiple Base Stations may be in range of a 
mobile node. This is very likely in areas with a high den- 
sity of mobile devices such as waiting areas or at a IETF 
meeting. Without fuither measures a Base Station can 
serve up to seven mobile nodes due to the restriction of 
seven active slaves in a piconet A piconet can contain 
additional inactive members in park mode (a power sav- 
ing mode), but this would require continuous swapping of 
devices in and out of paik mode. 

As we want to connect to a single Base Station, inquiry 
is terminated as ^on as the first response from a Base 
Station is received. We assume that the Base Stations are 
not synchronized in any way, i.e. they perform dietr in- 
quiry scan independently. Furthermore, the model does 
not account for transmission errors or collisions, as we 
expect only a few responses when using a dedicated in- 
quiry access code. 

By T„ we denote the interval between two scan win- 
dows of a Base Station (typically 1 M s) in which it scans 
for inquiring devices. T„' is the duration of one inquiiy 
train (typically 2.56 s), and T^.^^ is die maximum back- 
ofif time (0.64 s). 

If the first train of the inquiring device succeeds, a 
Base Station responds as soon as it schedules its inquiry 
scan window for the first time after the train has started. 
Thus, the response time is uniformly distributed between 
0 and 7^ . In the following we represent dtis time by the 
random variable X - U(0,T„) . We have to add the Base 
Station's random backoff time, which is represented by 
the random variable Y - U{0,Ti^„) . Because it does not 
add much delay, we ignore the foct that the random back- 
off does not necessarily be^n at die start of the scan win- 
dow, but can begin anywhere within the scan window, 
which has a typical length of approx. 1 1 msec. Similarly, 
there is an acMttional delay of up to die duration of one 
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page train (approx. 10 msec) after the slave device returns 
from random badcoff. 

Furthemore, we do not consider the situation in which 
the inquiring device changes its page train during the 
backoff period in such a way tfiat die frequencies do not 
match anymore (probability fbr this is approx. 1/64). If 
this happens, this particular Base Station will not respond 
to the current train, but to the rq)etition of the train (dur- 
ing inquiry, the master switdies repeatedly between the 
two trains). 

Given these assumptions, if k Base Stations respond to 
die first page train, die cumulative distribution function 
(cdf) for die first answer in the first train is given by: 

Piz^j, ^/)«i.(i-i^jr+r so)f 

Base Stations responding to the second train basically 
havethesamecdf, they just have to wait for seconds 
until the inquiring device begins its second train: 

Let*s suppose we have n Base Stations in range with k 
reacting to the first train and n-k to the second one. If 
k is not zero, the distribution of inquiry durations is 
solely dependent of Z^^ , because Tj, •*> T^^^ is less than 
Tff , i.e. the mobile node gets a response from one of die 
k Base Stations during its first page train and halts the 
inquiry procedure before beginning its second train. Odi« 
erwise (ib"<l), all Base Stations respond during the sec- 
ond train, Le. the duration is only dependent on . 

Whether a Base Station responds to die first or to the 
second page train of the mobile node depends on the 
clock offsets of die two entities. Since Base Stations and 
mobile nodes are not synchronized, both cases occur with 
the same probability. Furthermore, the train to which a 
Base Station responds remains fixed throughout the whole 
inquiry procedure, as the clock offsets may be assumed to 
be constant during the inquiry procedure, i.e. clock drift 
can be ignored. Thus, the response behavior may be de- 
scribed as an n-level Bernoulli trial and, using the cd& 
given above, we obtain the distribution of response time 
for one to duee Base Stations in range as shown in Figure 
8. 

If one Base Station is in range* diere is a chance of 
50% to get a response on the first page train (i.e. widiin 
T^h-Tm^^ 1.92 s); die average response time is ap- 
prox. 22 seconds. With two Base Stations the chance to 
get a response within the first page train raises to 75%, as 
the probability of bodi Base Stations responding only to 
the second page train is only 25%. In this case, the aver- 
age response time drops to 1.5 seconds. Finally, with 
three Base Stations, die probability raises to 87.5% and 
die average duration of inquiry drops to 1.1 seconds. 
Thus, with a well balanced value of die link supervision 
timer, handofis are achieved within a few seconds most of 



the time, even if only one base station is in range. Adding 
more Base Stations significantly increases the probability 
to find a new Base Station widiin 2 seconds. 




Rgura 8: Cumulative distribution functions of 
Inquiry rosponso time for default values of T„ , 
TV. and 

However, the discoimection duration experienced by 
usera or applications may be much longer dian the real 
duration of link loss, because of interactions with higher 
layer protocols. In particular, TCP*s exponential backoff 
algoridun fbr retransmission attempts mi^ catise addi- 
tional delays after the connection has been re-establidied. 
The measurement shown in Figure 9 demonstrates this 
effect h was made using the prototype described in sec- 
tion 5 and shows the diroughput of a single TCP-coxmec- 
tion with two handofib with a deliberately long duration. 
The handof& were performed jnanually by discomecting 
the mobile node ftom its current Base Station and recon- 
necting it after some time to the new Base Station. 

The first handoff b^ins at about 20 seconds after the 
start of the measurement From this point on, no data can 
be transmitted from the mobile node to the initial Base 
Station. The co nn ection to the second Base Station was 
established shortly after the detection of the broken link 
(which was set to happen after approx. 8 seconds in this 
example and is marked by die first vertical dotted line in 
the figure). Within less dian five seconds the Bluetoodi 
connection to tlie new Base Station was established (the 
second vertical dotted line). As shown in die figure, it 
takes a while before data is transmitted again. 

To analyze this bdiavior of TCP, a handoff was re- 
peated but this time widi a longer waiting time before 
reconnecting the mobile node to the Base Station. The 
second handoff starts at approximately 71 seconds. Once 
again the broken link is detected after eight seconds, 
which is depicted through the third vertical dotted line in 
the figure. This time, the mobile node was reconnected a 
bit later than before. After the Bluetooth coimection to the 
Base Station has been re-established at 100 seconds (de- 
picted by the fourth vertical dotted line), it takes even 
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longer for TCP to start sending data. Even though the 
connection has been re-established, TCP needs more than 
20 seconds before sending the first data. 

To explain this behavior, we need to know that die 
TCP connection does not recover until TCP sends its first 
retransmission after re-establishment of the link. Unfortu- 
nately. TCP doubles its retransmission timer after each 
unsuccessful retransmission event (exponential backofQ. 
In the worst case, the additional waiting time may exceed 
the real disconnection time: Suppose we have a initial 
retransmission timeout of 7*^^ and TCP has made n un- 
successful retransmission attempts. Hence, TCP waits 
2Tm» imtil the next attempt is made. The overall waiting 
time for n unsuccessful retransmissions sums up to 
rfc^(2' + 2* + + 2-*) = 2*r^ - 

Thus, if the link comes up shortly after tfie unsuc- 
cessful retransmission, the time until tho TCP connection 
recovers will be even longer than the link outage. 



m 



Figure 9: TCP throughput measuremant in the 
BLUEPAC emulation system 

Typically, the maximum retransmission timeout for 
TCP is restricted to approx. 1 minute. Thus, the additional 
inactivity may be up to one minute after reconnecting to a 
BLUEPAC Area if the disconnection lasts long enough to 
reach the i^per limit of die retransmission timeoiit. If 
several disconnections occur in a row, the effect can even 
be more severe if all of TCP's retransmission attempts &II 
exactly into disconnection periods ([9]). We discuss pos- 
sible solutions to these problems in the next section. 

43. Optimizing handofT performance 

Cellular IP supports a feature called semi soft-handofi^ 
in which a mobile node in reach of several Base Station 
can initiate delivery of each datagram via all Base Sta- 
tions in range of the mobile node to avoid packet losses 
during handoffs. As it should be clear by now, mobile 
nodes can not receive anything from a Base Station with- 
out prior synchronization using the page procedure. Fur- 



thermore, being connected to several Base Stations re- 
quires 83mchn>nization with several piconet masters by 
periodically switching between them. To avoid the com- 
plexity of piconet switches and costly synchrxmization 
procedures, the IP Adaptation layer was designed to hold 
up a single connection and to synchronize to a new Base 
Station only if the connection to the previous Base Sta- 
tions is lost 

Therefore, the semi-soft handoff scheme does not alle- 
viate the effects caused by the BLUEPAC handoff proce- 
dure, which were disc u ss e d in the last section. Adapting 
other approaches look more promising: Brown and Singh 
[9] address the effects on TCP cormections caused by 
periods of disconnection by proposing a scheme called M- 
TCP, in which die sender is forced into persistent mode 
by manipulating die size of die advertised window. In this 
mode, no retransmission attempts occur, which prevents 
exponential backoff from occurring at all. Unfortunately, 
this sohition is restricted to TCP connections and does not 
prevent packets from other protocols to be lost Addition- 
ally, it requires a modified TCP implementation on the 
mobile node and increases complexity of the mobility 
management solution by requiring an additional entity in 
the communication path, which manages status infbrma- 
don for each TCP oormection. 

Anodier, much simpler, approach that alleviates the 
impact of link loss considerably is called smooth-handoff 
( [ 1 0] , [ 1 1 D. It tries to prevent packet k>8s by buffeing all 
packets recently sent to a mobile node. After a handoff, 
the stored packets and newly arriving packets are trans- 
ferred from the ftmner point of attachment to the new 
oiie^ unta the nniiing is adapted to properly reflect the 
new point of attachment Thiu, there is no packet loss, if 
the buffer size is sufBcient to store all incoming packets 
during the link loss. 

If buffer dimensioning considers the maxima] handofif 
duration and a particular handoff completes very quickly, 
a large amount of duplicate packets will be unnecessarily 
sent over the air interface and may even cause TCP to 
slow down [1 1]. Interestingly, the reliable link layer of 
Bluetooth virtually eliminates the problems of duplicated 
packets, as the Base Station may remove packets from its 
buffer that were successfiilly received by a mobile node 
(i.e. acknowledged on Baseband layer). Only the last 
packet sent before discormection may be diq>licated if the 
Base Station was not able to receive the acknowledge- 
ment anymore. 

Although the smooth handofif scheme does not prevent 
TCP from retransmitting packets during dis co r m ec ti on 
and from closing its congestion wiiuiow, it will restart 
packet flow directly after delivery of the buffered packets 
to the mobile node. 
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5. Prototyping 

This section briefly describes the structure of the Blu- 
etooth emulation system which was used to test the 
BLUEPAC protocol concepts specified in the previous 
sections. 

5.1. Emalation system 

When we designed tfie BLUEPAC protocol concepts, 
there was no real Bluetooth hardware to test their feasi* 
bility. Hence, a Bluetooth emulation system was needed 
that could emulate Bluetooth* s key properties. The emu- 
lation system we implemented runs on ordinary Linux 
PCs. Instead of communicating over a radio inter&ce, 
they communicate via an emulated Bluetooth link running 
over an Ethernet connection. For this, we specified and 
implemented the Bluetooth ennilation system in SDL/PR 
88. 

" UDf I TCP 
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Rgure 10 Integration of tho emulation system 
into the TCP/IP protocol stack 

SDL (Specification and Description Language) is a 
general purpose description language for communication 
systems and has been recommended by die ITU as a 
specification language of communication protocols (cf. 
[12]). To generate an executable process ftom the speci- 
fied Bluetooth system, the tool SDL2C was used. SDL2C 
is a proprietary tool which was developed the research 
group headed by Peter Martini at the University of Bonn. 
It is able to compile a given SDL/PR 88 source code into 
C source code. For the integration of diis executable into 
the Linux TCP/IP stack, a loadable module, Aitfev, has 
been written, which is able to redirect die datagram flow 
on the hosting workstation between IP and the network 
interface through the emulation system. 

The module btdesf places itself between IP and the 
network interface and intercepts layer 2 frames sent by 
the local IP stack or received by any of die attached 
Ethernet network interfaces. These intercepted frames are 
stored into two separate queues, one for outgoing frames 



from IP (bcdav_ip) and one fiir intercepted fian^ from 
the network interface (btdev^ethX 

Figure 10 summarizes the interaction between the 
components of the emulation system and the ^existing 
kernel protocol implementation. 

For IP the functionality bdiind btdev is transparent and 
it works just like an ordinary network inter&ce driver. 
Thus, by providing routing entries for different destina- 
tion hosts or networic IP addresses, the choice which da- 
tagrams should be intercepted by btdev can be configured 
in a very flexible way. 

5.2, Properties of Che emulation 

To test the implementation of the BLUEPAC protocol 
concepts, the Bluetooth emulation must emulate die core 
features provided by Bluetooth. In the following, we 
present die properties of die implemented Bluetooth 
emulation to show in what w^ die emtdatlon difSscB or 
coincides with real Bluetooth. 

Instead of a radio interface, our emulation system uses 
a lOBaseT Ediemet to emulate a Bluetoodi piconet 
Therefore, Ethernet broadcast frames with an unassigned 
protocol ID are exchanged with the Ethernet, network 
interface driver. The PDU format in die Ethernet frame 
payload is close to die Baseband PDU format as given in 
the Bluetooth speeiflcatioa. 

The most important Baseband properties have l>een 
implemented. A master-slave architecture with master- 
and slave slots at a single hopping frequency is emulated. 
The slot lengths have been increased drastically due to the 
danger of timing inaccuracy. Bhietooth's complex fre- 
quency hopping structure has not been considered in the 
emulation system. Thus, all Baseband packets occupy 
only one slot Because of this new hopping channel envi- 
rtmment, the Basdiand inquiry and pa^ig procedures had 
to be slightty simplified. 

As die BLUEPAC protocol concepts do not need SCO 
links for LAN access, diese have been omitted in the 
emulation system. Only ACL links have been considered. 

A simplified Link Manager Layer is used, which sup- 
ports connection establishment, connection release and 
the maatei/slave-switch. Odier Link Manager fUnctionali* 
ties such as authentication and aqiects of QoS are not 
included. 

Finally, the L2CAP has been omitted as the only func- 
tionality needed is the protocol multiplexing. Instead, the 
protocol ID for the paytoad of the Baseband packets is 
stored in a dummy L2CAP header preceding the actual 
payload. Furthermore, there is no need for L2CAP's 
fragmentation. For simplicity the Baseband packets can 
contain data up to 1024 octets. This value is reported as 
well as the MTU of the Bluetooth device and thus consid- 
ered by TCP when generatirig IP datagrams. For UDP 
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datagrams exceeding the MTU, IP itself performs &ag« 
mentation. 

S3. Prototyping results 

The objective of the Bh2eax>th emulation system was 
to test the feasibilt^ of the BLUEPAC protocol concepts. 
Thus, on top of the emulation system. Cellular IP and the 
IP Adaptation Layer had to be implemented. 

In order to test the feasibility and the perfonnance of 
the specified protocol concepts, several dififerent scenar- 
ios luive been emulated. The prototyping system showed 
that Bluetooth devices are able to successfully move be- 
tween different Base Stations and keep existing higher 
layer connections alive. 

In addition, the tests have also shown the expected im- 
portance of keeping the reconnection time after a handoff 
low. Several TCP measurements have been done empha- 
sizing this problem, which has been shown in section 4J2 
(Figured). 

Coiichisively, the experiences and results of the 
prototyping system showed that all goals set for the 
BLUEPAC protocols have been achieved through suc- 
cessful specification and implemeniation of the protocol 
concepts. 

6. Conclusions and fUrther work 

Hie BLUEPAC protocol concepts presented in [1] 
provided means for micro mobility and macro mobility 
support in BLUEPAC networks by using CeUulsr IP and 
Mobile IP» two protocob ftat reside on OSI layer 3. 

Hiis paper introduced the IP Adaptation L^er which 
solves the mobility and handofT problems on layer 2. It is 
re^nsible for keeping mobile Bluetooth devices con- 
stantly connected to one of the available Base Stations 
within nmge and di\is provides an alternative to Blue- 
toodi's LAN access profile which does not take mobility 
into account 

First results obtained from our Bluetooth emulation 
system testing the BLUEPAC protocol concepts have 
proven the necessity of enhancing the handoff perform- 
ance which is strongly dependent on the time required by 
the broken link detection and Bluetooth 's paging and 
inquiry procedures. Two different approaches in opti- 
mizing the handoff performance on die link layer have 
been investigated, the semi-soft handofif scheme and the 
smooth-handoff scheme. The smooth-handofT approadi is 
promising when combined with an optimized value for 
the link supervision timer for enhancing the handofT per- 
fonnance. An ideal vahie for the link supervision timer is 
still an open issue. Therefore* it will be examined in fu- 
ture work with real Bluetooth hardware. 

As soon as the first Bluetix>th hardware becomes 
available* the BLUEPAC protocol concepts inchiding 



Cellular IP, Mobile OP and the IP Adaptadon Layer will 
be tested to verify the results given by the Bluetooth 
emulation system. 
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